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ABSTRACT

This document contains a series of lecture notes,
sample problems and solutions for the NWFT/DVM (Network
Flow and Transport/Distributed Velocity Method) model
which was developed at Sandia National Laboratories for
the Risk Methodoiogy for Geologic Disposal of Radio-
active Waste program (NRC FIN A-1192). The purpose of
these notes and problems is to familiarize the student
with the code, its capabilities and its limitations.
When the student has completed this curriculum, he or
she should be able to prepare data input for NWFT/DVM
and have some insights into interpretation of the model
output. This report represents one of a series of self
teaching curricula prepared under a technology transfer
contract for the U.S. Nuclear Regulatory Commission,
Office of Nuclear Material Safety and Safeguards, Divi-
sion of Waste Management (FIN A-1158).
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NWFT/DVM SELF TEACHING
Curriculum

LECTURE NOTES

I. INTRODUCTION

The purpose of this course is to develop familiarity with the
Network Flow and Transport/Distributed Velocity Method (NWFT/DVM)
model. After completing this course, the student should
understand the mathematical models used in the network flow model
and should understand the basic concepts underlying the
Distributed Velocity Method (DVM). The course will use lectures
and discussion to provide insight into the mathematical models.
Sample problems will be used to provide familiarity with NWFT/DVM
input and output and to illustrate numerical criteria required to

assure accuracy when the DVM transport option is used.

NWFT/DVM was developed from the NWFT model* primarily by
adding an option to perform radionuclide transport using DVM., As

was pointed out, the NWFT model has the following limitations:

*J. €. Campbell and others, "Risk Methodology for Geologic Disposal
of Radioactive Waste: The Network Flow and Transport (NWFT) Model,
"NUREG/CR-1190 and SAND79-1920, Sandia National Laboratories,
Albuquerque, New Mexico, February, 1980.

N. C. Finley and others, "NWFT Self-Teaching Curriculum," US NRC
Accession No. , SAND81-0372, Sandia National Laboratories,
Albuquerque, New Mexico, August, 1981.



(1) it can only treat chains of three isotopes or Tess, (2) all
isotopes must have the same distribution coefficient and (3)
sclubility limits are not accounted for. Addition of the DVM
transport option has removed these limitations. The network flow
model has also been modified in NWFT/DVM to account for brine

effects on fluid flow.

The NWFT/DVM flow model will be presented first followed by a
review of the analytic transport option. These discussions will
be followed by sample problems which illustrate the flow model and
the analytic transport option. The remainder of the course will
deal with the DVM transport option. The basic concepts underlying
OVM will be discussed. The source and discharge models and
criteria for space-step and time-step selection will be
presented. Sample problems for NWFT/DVM are included at the close
of the lecture notes. Specific sample p;obIems can be worked
after a certain portion of the descriptive material has been
presented. The text indicates at what points each sample problem

can be attempted.

~



Tyl T ISP S e W w {eSn  Rl pen T —_ et ¥ e v
. 7 gy g - . E L > . = - o ™ v T T
s s : T I P T M T A S o SN R LN L e e gl

| oy e, | | B

T:I‘ (RE "ipz'.-.&- M“s—
i Wotetone Toqder Slandd Qad: kb /pum Flow Mobel.

¢
e e e ke o i

o | ey e v aitn




I1. THE NWFT/DVM FLOW MODEL

The £lectrical Analog

NWFT/DVM uses a network representation to simulate
two-dimensional fluid flow at the reference site. Eefore
discussing the flow model in NWFT/DVM, it may be useful to briefly
review the concept of the electrical network analog for

representation of fluid flow systems. Consider the figure below.

& 45
1 MNMNWWWAIW B.~¢
a ¥ g

Single Resistor

Figure 1. 4

This simple circuit represents a single resistor. The voltage
drop across the resistor is ¢] - ¢2. According to Ohm's law,

the current through the resistor is given by

If ¢} and &, are expressed in volts and R is express in ohms,
4

then the units of [ are amperes.



Suppose we replace the resistor in Figure 1 with a

length of resistive material as indicated in Figur2 2 below.

S . 5
) ¢l ) - ¢2
e
Area = A 1

Figure 2. Resistive Material
The resistance of the material is directly proportional to
its length and inversely proportional to its cross-sectional

area. That is:

R=p——k— 2.

Where the proportionality constant p is called the resistivity.
The units of p may be expressed as 9hms~metersz/meter or ohm-
meters. If we apply Ohm's law to the circuit element in Figure

2, we can express the current as

We are now ready to illustrate the analogy between Ohm's

law and Darcy's law. Consider a sand-filled pipe of length L

and cross-sectional area AP as shown in Figure 3.
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Figure 3.
For this simple case, Darcy's law gives

P L a.

where K is the hydraulic conductivity of the sand. Thus (1/K)
analogous to resistivity (p), head (h) is analogous to voltage (9)
and fluid flow rate (Q) is analogous to current I.
’
Now suppose one were given the problem of finding the current

through each resistor in the circuit of Figure 4,



Arrows indicate
direction assigned
for positive

current flow

Figure 4.

Circuit of Resistors

Assume that ¢A,¢g, and R, through Rg are known. Then
if é] and éz can be determined, Ohm's law can be used to find
the current through any of the resistors. The unknown voltages
¢] and ¢2 can be determined by using Kirchhoff's first rule
for electrical networks which states, "At any junction point in a
network, the total current arriving at the junction must equal the
total current leaving.” As current results from the movement of
electrical charge, this rule is equivalent to charge
conservation, [f we define IJ as the current through which

resistor Rj, then Kirchhoff's first rule gives



Also, Ohm's law gives

. N . TG e
1Ry 3 Ry 5 "Ry

[ . %% R 8.

2. A e 6

if Eqs. 6 are substituted into Eqs. 5, two equations with two
unknowns result. These eguations can be solved for the unknown
voltages él and ¢2 and thus the unknown currents I, through

15 can be calculated.

The procedur2 for calculating unknown currents in a resistance
circuit is identical to the procedure used in NWFT/OVM to calculate

unknown fluid flow rates. P *

The analogy between groundwater systems and electrical circuits
can be taken considerably further. Ffor instance, the aguifer
storage coefficient can be related to capacitance. However, we
have adequate material here to understand the flow model in

NWFT/DVM.,
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The Reference Site Flow System

Groundwater flow calculations for the reference site (Figure
5) have been performed using the SWIFT model.* The hydraulic head
distribution, as predicied by SWIFT, is shown in Figure 6. Darcy
velocity (or specific discharge) vectors are shown in Figure 7.
As the valley in which the reference site is located is assumed to
be symmetrical about River L, a no-flow boundary is used under
River L. Therefore all the water moving through the middle and
lower sandstone aquifers discharges to River L. Except for the
near vicinity of River L, fluid flow in the middle and lower
sandstone aquifers is essentially one-dimensional. The hydraulic
gradient in the vicinity of the depository is downward across the
salt and shale layers. However, because oi the extremely low
hydraulic conductivities assigned to the salt and shale, there is

very little fluid flow across these Taye?s.

The NWFT/DVM NETWORK

The network analog used in NWFT/DVM is shown in Figure 8.
Legs 1, 2, 3 and 4 are used to represent the middle sandstone

aquifer. Legs 5, 6, 7 and 8 represent the lower aquifer and leg

M » “User' t Waste-Isolation

*M. Reeves and R. Cranwell, "User's Manual for the Sandia Waste-Iso r
Flow and Transport Mode! (SWIFT) Release 4.81," NUREG/CR72324 and SAND?;-
2816, Sandia National Laboratories, Aibuquerque, New Mexico, November 1981.

S AUy

SWIFT Self-Teaching Curriculum, SAND81-0410, NUREG/CR-1968, March 1982.



15 represents discharge from the lower aquifer to River L. Leg 13

represents the depository and legs 9 through 12 are used to repre-

sent various disruptive features which affect the salt and shale

layers near the depository.

Leg 14 provides some flexibility for

simulating the effects of disruptive features down-dip from the

depository.

Fluid discharge (ft3/day) in legs 1 through 15 is given by

0= §
Q2= 6
Ry =93
04 = 64
05 = 8g
06 = 0
V= %
Qg = 6g
Qg = 89

o
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%10 = 0
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Q14
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= 915

[ P1-%s + (d7 - ds)]
P10

( P8-Pe + (dg - dg)]
i

[ i + (dg - d7)]
P12

[2_6_.2 + (dg - d7)]
"3

¢ fui-fie (dy1y - dyp)]
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[ 212-f3 + (dyp - d3)]
P1g




@ —> ® —> @ ~—> - (§)
9T [10
13
® — O 14T T15
uT le
6 7 8
@ =0 — 9 — 0

Figure 8. The NWFT/DVM Flow Network. Arrows Indicate Assumed Direction

of Positive Flow, Legs are Numbered as Indicated. Junction
Numbers are circled.



i
where G‘- = —lT

Ky = hyraulic conductivity in leg i (ft/day)
Aj = cross-sectional area of leg i (ft2)

L; = length of leg i (ft)

Pj = fluid density in leg i (1b/ft3)
Pj = fluid pressure at junction j (1b/ft2)
dj = elevation above datum of junction j (ft)

The pressure boundary conditions (P], P2, P3) are
required as input as are all junction elevations. All leg
properties (area, length, porosity and hydraulic conductivity) are
provided by the user as input. Input values of hydraulic
conductivity are assumed to be fresh water values. The brine
concentration in each leg (required as input) is used to determine
fluid density and viscosity in each leg using a simplified model
described below. These values of fluid density and viscosity are
then used to modify the input values of hydraulic conductivity to

account for the presence of brine.

Fluid Density and Viscosity

Water density and viscosity are functions of temperature,
pressure and brine concentration. However, for present purposes,

the dependence of water density and viscosity on pressure are

o



negligible. Furthermore, a thermal model has not been included as

NWFT/DVM is intended for use as a far field mode]l and therma)

eifects from the radioactive waste are confined to a relatively

small region about the depository. Thus, in NWFT/DVM, water
density and viscosity are modelled as functions of brine

concentration only.

Water density is modelled as a linear function of brine

concentration. That is

p(C) - po +C ( p] - po) 8.
where
C = dimensionless brine concentration; i.e., C = 0 for
fresh water and C = 1 for saturated brine
P = density of fresh water at the reference temperature
(p,=62.3 1b/ft? at 68°F)
I density of saturated brine at the reference .

3

temperature (p] = 74.02 1b/ft” at 68°F)

The dependence of viscosity on concentration of dissolved

solids can be approximated as



0 N
w(1,€) = w(1,00 [1.0+0.005y 2 ¢, + 2 Ac,] 9.

i=] i=]
where
c; = concentration of dissolved ion (i) in moles/liter
A = temperature dependent coefficient

p(T,0) = viscosity of fresh water at temperature T

T
"

number of dissolved species

In nature, solutions containing more than 10 or 15
moles/liter of dissolved ions are unlikely if not unknown.
Therefore, the square root term in £q. (9) is neglected.
Assuéing NaC{ is the primary dissolved mineral, the N=2 and
the dissolved species are Na' and C¢~. For these ions, the

coefficients (A) are apprcximately independent of temperature.

Then

u(T,C) = u(T,0) [1.0 + 0.08 c(Na")] 10.

F as a reference temperature and drop the tempera-

ture dependence in £q. 10. Then



#(C) = #(0) + [1.0 + 0.08 ¢ (N2*)]

1b salt 1b salt

(Nat)= w( . Cp
cl 5 soT 2 R
"ol. ft~ sol

3 3
. 1 ft cm
4s5a(J2). . 1000(—1-) 1.
( ) (2.83 x 16‘)<cmr> L

N moles NaC{
58.443 gm :
Where W = weight fraction of salt in saturated brine.

C = dinensionless brine concentration

"

P=p(C) = density of brine at concentration C

In £q. (11), we used the fact that c(Na*) is equal to the moles
of NaCf per liter of solution.

Tnen

c(Na’)
and u(C)

0.274 WCP
#(0) [1.0 + 0.0219 Wcp] 12.

Well Capability

There is a feature in NWFT/DVM that allows the user to place
3 system of withdrawal wells on any network ieg. The wells remove
a fraction of the aquifer flow. However, it is assumed that the

wells do not significantly alter the fluid flow. Further, it is

0



assumed that the lateral extent of the well field is greater than
that of the contaminant plume. This avoids the problem of
calculating lateral spreading of the contaminant plume.

The NWFT/DVM model automatically shortens the migration path
to the location of the wells. It then assumes that the fraction
of radionuclides taken up by the wells is the same as the fraction
of aquifer flow withdrawn. Thus, the radionuclide discharge rates
are reduced by tYis fraction. The dissolved material not
withdrawn will continue migrating to River L. However, a separate
NWFT/OVM calculation must be performed to obtain discharge at

River L.

Overall NWFT/DVM Lecgic

The NWFT/DVM model is equipped to execute multiple data sets
and to replace entries from the input fiHe with values from an
exterior file. Use of multiple data sets is demonstra;ed in the
sample problems below. Use of exterior files is helpful for
statistical cnalyses. The logical sequence of the model is
presented on the following flow chart, Figure 9.

Input is read by routine FLOWIN. The normal end of execution
is attained when FLOWIN attempts to read beyond the last data set.

If there is an exterior file of information to be used, it is
said to contain input vectors. That is, each input vector has as
its elements values to replace certain entries on the input file.
The reading of the exterior file and the replacement of input

values is done in routine GETRV.



~;4{_ Read input
FLOWIN
'
Encounter .xgsj STOP 4:)

end-of -file
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via the -
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IAnothqr vector? ] -
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A
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| ]
JYES

E;rt with the aid
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Figure 9. Overall Structure of NWFT/DVM - ANAMOD



With all input now stored in the appropriate arrays, the
network flow system is solved. Resulting migration path and
velocity information are used as input to either the analytic
or DVM transport models. OQutput from either model may be
written to a separate fiie. The possible forms of output are
time-dependent discharge rates, peak discharge rates, or total
discharge.

The model continues to loop over all input vectors. At
compietion, peak or integrated discharges may be ﬁorted into
ascending order over all vectors for each species. If input
vectors are not used then sorting .s not performed.

At this point, FLOWIN is again accessed. [If there is no
further input, data execution stops. Otherwise, new input is
selectively read (see the INP array description in the User's
Manual)*. Flow and transport are calculated as before.

L

Flow Model Subroutines

A flow chart for the network flow model is now presented
(Figure 10). Subroutines called from the main program} ANAMOD,
are within the dashed lines. Brief descriptions of each routine

are given below. Further information can be found in the User's

Manual.
“Campbell, J.E., Longsine, D. E., and Cranwell, R. M.; Risk
Methodology for Geological Disposal of Radicactive waste

The NWFT/DVM Computer Code User's Manual, NUREG/CR-2081 and
SANDS81-0886, Sandia National Laboratories, Albuquergue, N.M.,
1881



Subroutine USEINP determines permeability, viscosity, fluid
density, rock density, and transmissivity of each leg. It
calculates retardation factors for each isotope in each leg of
the migration path. 1[It also finds decay constants and ages the
input inventory to release time. For non-zero release time,
BRANCH is utilized to set up decay chain information. USEINP
has several optional print statements and optionaliy calls
routine SCHEMA. SCHEMA draws the network schematic.

Subroutine COEFF sets up the transmissivity array and the
constant vector used for solving the flow equations. LEQTIF is
a linear equations solving routine which calculates the unknown
pressures. Note the LEQTIF is found in IMSL* (Mathematical/
Statistical Library of Computer Codes). Thus, it is necessary
to attach this library for NWFT/DVM execution.

Subroutine PATHLEN calculates fluid flow rates in each leg.
Darcy and interstitial velocities can then be found. The call
to CHKPATH is to ensure that the migration path input by the
user conforms to the calculated flow and velocity. Migration
path length and average fluid and retarded velocities are then
found. Finally PATHLEN optionally prints flow, velodity, and
path information.

Sample Problem 1 can now be addressed using the information

presented thus far.

*International Mathemat.cal and Statistical Librarie
]

S,
IMSL Library Reference Manual, Edition 8, Vol. 2, 1880.

ma
mna



1]
' = <
OPTION }7 = 0 ,l call SCHEMA

call USEINP | TRLSE 1> o

i'I call BRANCH

1

call COEFF

|

call LEQTIF

£

call PATHLEN

4—4{_ call CHKPATH

_-__—..-—-—--._..-_--—---———d

Figure 10. Flow Model Flow Chart
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IIl1 Analytic Transport Option

The analytic solutions to the one-dimensional transport
equation which provided the transport capability in NWFT have been
retained as an option in NWFT/DVM. Use of the analytic transport
option is limited to problems involving chains of no more than
three radionuclides which have the same distribution coefficient.
As these solutions have been derived for a decaying band release,
they are suitable for a leach-limited source with a constant leach
rate. )

The migration of a three-member chain in a one dimensional

system is described by the following equations

2

\ M ,3M 3N , 3 :
B gt e SRR ol T | %
oX
\N aZNZ 3N2 : b
L Ny
I I I11 IV v
where Ri = retardation factor for species i

N. = concentration in solution of species 1



D = |vja= dispersion coefficient

a= dispersivity

Aj = decay constant for species i

Referring to Eg. 15, the terms in the equation can be

interpreted as follows:

oN,
I. R3-?ﬁ—

N
3X

w

|

I1. D

~ny

aN3

1il. VgY—

¥ RZ A, NZ

For the case R]
predicted by Egs.

time rate of change in both the sorbed and
dissolved concentration of species 3.

rate of change in species 3 concentration due

to dispersion - only affects the dissolved

component.

rate of change in species 3 concentration due
to convection - only affects

component.

rate of cnange in species 3 concentration due

the dissolved

’

to radioactive decay - affects both the

sorbed and dissolved components.

rate of change in species 3 concentration due

to production from species 2 - affects both

the sorbed and dissolved components of species 2.

R R

2 &

13, 14, and 15 are

time-dependent discharge

rates



OR\(t) = e [(U(t)-u(t-r)ﬂ(t-v))j 16.
-A,t
N,,0) "2 N, (0)
2" o 'Y [ A -t At
OR,(t) = [ s + ("2’ M)(e . 2)} 17.
[[U(t) - U(t- 7 )H(t= 7)]] ;
N,(0) -At N,(0) A2 et ek |
R ALy 2 3
DR,(t) —!LTT—-e — ("3"‘z>é -e >+ 18.
mo Ly e i
7 1 A2 1 Apm AU ag ay) : (A=A, (A3-2,)  +
-X3t 1
e " .
()\]_ .\3)( AZ— ’\3TJ [[U(t)-U(t-T)H(t- T)]J

where

7= leach time for a constant leach rate source
H{x) = o X<0

H(x) =1 x2o0

and the function U(t) is given by

L v v
p =5 t L B i R t
u(t) = erfc[ . + exp ——T;L erfc P -y 19.
véavt/R davt/R i
erfc = complementary error function , -
L = total migration path length
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Time Steps for the Analytic Transport Model

Discharge rates from the analytic tranﬁport model are given
at selected times between release time, TR' and the problem
upper bound time, TUB. In subroutine METHOD a starting time,
TSTART, and an ending time, TEND, are found. The time interval
[TSTART, TEND] is designed to include all times between Tp and
TUB for which there is significant discharge. A time step, DT, is
then defined by

DT = (TEND-TSiART)/200.

Output is given at the selected times

¥ t, = TSTART + i DT, i =0, ..., 200.
This selection of discharge times is motivated by two
considerations. First, 200 points are generally adequate to
resolve a discharge curve. Second, unngeded zero-discharge .
information is avoided.

To determine TSTART and TEND, first refer to Figure 11. For
a non-decaying species and a constant, leach-controlled source
rate, the discharge curve has the shape depicted. The leading and
trailing portions take the shape of an error function for which
the underlying Gaussian distribution has the following standard

deviation.

UT= /Zax/'\'ir



dispersivity in ft
x = path length in ft
V = average velocity in ft/yr The time T = x/V,. g

the average migration time and 7 is the leach duration.

Four standard deviations in time are taken to find TSTART .and
~

TEND. That is,
T:T;‘F‘T b im}x gr”‘ + TR = AUT ) TRE
. {
1END = min T T Vg ag
TN nin }Am T4 + 4 T TUB

Clearly radicactive decay can distort the discharge curve of

v 1ear

Figure 11 but TSTART and TEND remain as adequate bounds.

ra
o
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Figure 11, Discharge curve for a non-decaying species
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Analytic Transport Model Subroutines

The calling sequence for the analytic transport model is
depicted in the next flow chart (Figure 12). After the flow
calculations, subroutine METHOD is accessed from ANAMOD. In
METHOD, a nonzero value for option 13 indicates that the
analytical solution will be used. METHOD sets up the starting,
stopping, and increment times as previously discussed.

The remainder of the calculations are performed by BAND and
GIT. Subroutine BAND loops over time finding and applying decay
and production factors to values found by GIT. Function GIT
returns U(t) for a given value of t. Subroutine TPPRT writes time

and discharge rates to output, an external file, or both.

-~ 30«



ANAMOD

after flow
calculations
OPTION 13=0 | call METHOD
OPTION 1340
& 4_4[. call GIT
call BAND
call TPPRT

Figure 12. Transport Model Flow Chart
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Sample Problem 2 can be attempted with the information presented

so far.

IV. The DVM Transport Option

To examine the DVM concept, consider the migration in one
dimension of a non-decaying, non-retarded contaminant. The

governing equation is

N _

For an instantaneous, unit point source
(i.e., S(x,t) = &(x-x') 6(t-t')).

the solution to Eq. (20) is

- ¥(t-t')1%

G(x-x',tft') = ] exp ((x-x")

JE;. “x 2 02

X

where
Ox = J/2D(t-t')
This solution is illustrated in Figure 13. The function

G(x-x"', t-t') is known as the Green's function.




G(X - X', t-1t")

= X=X+ V(t -t -]
AR [(x - x") = Vit - 1|2
=Ryt = 1= Ox exp -
var ’ r 20x2

Figure 13. Propagation of an Instantaneous, Point Source From t' to t



Equation (20) can be solved for an instantaneous distributed

source by considering it to be a collection of point sources.

This idea is illustrated in Figure 14. Let the total source be

-

Then the source strength is defined as

(o
S{x*.t*) =(50 ) S{t"-t') as=x'=b
b-a
S(x',t') = 0 " & . Xx">b
Thus the contribution from Ax' at x; is
: S & (t" - t') ax’ - [(x-x, ) - ¥(t-t")]*
AC = 0 i
~ exp
V27 oy {4} 202
Summing over the distributed source (and integrating over
source time, t"),
g S _\.xl ] ‘-[(x-x ') -V(t‘t')]z
Clxt) =25 o s i 22.
1=] b-a 1/2”0X z 203
where N = 3

Ax



AX'

5(X', t')

0
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Xj +V(t - t')

/
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Figure 14. Propagation of an Instantaneous,
Distributed Source from t' to t.
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In the limit as Ax' approaches 0, £Eq. (22) becomes

) b gt
Cix,t) = ‘(Ega—y . - fexp {-L(X =X’ ;% t-t')] f dx' 23.

2w¥x @

However, to make the transition from an analytical treatment
to DVM, we are more interested in Eq. (22) which indicates that
the concentration (or density) of contaminant at x at time t can
be obtained by summing contributions from the source region at
some earlier time t'.

Consider the gridded, one-dimensional system shown in Figure
15 which illustrates the transport of a "point" source in grid
block j from time t' to time t. Notice tgat we have changed
notation from contaminant concentration C to density p to be
consistent with the NWFT/DVM user manual. In this new notation,
which will be used for the remainder of ;he discussion on [VM,
pP(i,t) refers to the particle density in grid block i at time t.

In analogy to Eq. (22), we now seek to develop the following
relationship for application of DVM:

n
S

pliLt) = D B(i,i) Slit')  ti<t 24,
Jj=1

where n_= number of source grid blocks.

Def ine At = t-t?



Now the contaminant density p(j,t') in any grid block j at time

t' is treated as a source in determining the density p(i,t' +At),
L B R Nx' Thus, for transport of contaminant from time t' to

t' + At, Eq. (24) becomes

N
X

pliyt' + at) = D B(i,4) plit'), =1
J=1 2s.

Where Ny = total number of grid blocks



Thus the problem of contaminant transport using DVM is
primarily a probiem of determining the matrix (i.e., Green's
function) B(1,J).

Before proceeding with development of the B matrix, it is
useful to speculate on some of its characteristics. First, note
from Eqs. (21), (22) and (23) that the Green's function depends on .

x-x' and t-t'. Thus, although we have written

B = B(i,J)

it might be more appropriate to write

B = B(i-j, At) 26.

Thus, if we designate p(j,t') in Eq. (25) as the density in
source block j and p (i,t' + At) as the density in receiver
block i, Eq. (26) implies that the corresponding entry in the B
matrix depends only on At and the distance (or number of grid
blocks) between the source and receiver blocks. Note also that
the term B(i,j) can be considered the fraction of the contaminant
in block j at time t' that will be found in block i at t' + At.
We now turn to the problem of determining the B matrix.

Fiqure 15 i1lustrates the transport of a "point" source (i.e., the



material in a single grid block) from time t' to t' + At. Figure
15 should be compared to Figure 13 waich illustrates the Gaussian
form at time t which results from a point sdurce at t'. Thus, the
immediate problem is to achieve an approximation at a Gaussian
distribution in the gridded system shown in Figure 15. This is
accomplished by assigning the dissolved contaminant a distribution
of velocities. Intuitively, one expects that a Gaussian velocity
distribution would be required to recreate a Gaussian spatial
distribution. This is shown to be the case in the NWFT/DVM user
manual. The velocity distribution is divided into Nv increménts

of equal probability as illustrated in Figure 16.

Velocity Distribution

Figure 16.

-40-



The form of the velocity distribution shown in Figure 16 is

-2
G(v, Aat) = ! exp - (v-v)
' 2w Oy chz

where Ov = 0x /At = J2DAt /At = v2D/ At

‘

Application of the velocity distribution is illustrated in Figure

17. As the Nv velocity intervals are selected to have equal
probability, each interval is assigned VNv of the source block
contaminant. In Figures 16 and 17, ten velocity intervals are
used so that 1/10 of the contaminant in the source grid block is
assigned to each velocity interval. The contaminant packet in a
given velocity interval is assigned the median velocity for that
interval. The transport of contaminant from t' to t' + At is
illustrated in Figure 17. The resulting spatial distribution of
disselved contaminant is obtained by summing over velocities.

Now consider Figure 18 which shows the transport of
centaminant in a single velocity interval. Looking at velocity
interval j, we see that there are, in general, two contributions
to receiver block i. One is a packet of particles coming from
donor block i-k and the other is a packet coming from donor block
i-k-1. As is also indicated in Figure 18, thare is generally enly
partial overlap of the propagated block contents with receiver

block i.
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Application of the Velocity Distribution
Figure 17.
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The donor block index is i - kJ

where

kj = [[V; at/ax]), 28.

([ 2 ]] = greatest integer =2

and Vj 1s the velocity assigned to interval J. The fractional

overlap of velocity packet j in grid block i - kj with receiver

block i is
M(j) = 1 - (VJ. At/ Ax - kJ.) 29.

and the fractional overlap from block i-kj-1 is 1 - M(j). Thus

the particle density in grid block i at time t' + At is

NV
p(i,t' + At) = _l. E :gM(j) p (i-kj,t') + 30.
: Nv J=1

If the contaminant is radioactive, then there is a reduction in

concentration by the amount

D = g~rAL 31.

where A = decay constant



Thus for a single radionuclide,
N

v
plist' + at) « 23 ;M(J')p(i-KJ-.t')+[1-M(J)]p(i-kj-1.t') 32.
v =1
For a chain of radionuclides, we must also consider production.
In this case, Eq. (32) must be modified to include a sum over all

parent radionuclides. Consider a radionuclide decay chain

The equations for radioactive decay are

N,

at = - N

an,

g " oA 2 M . .
aN_ ’

at e ArNr * Ar-lNr-l 13.

The solution to these equations can be expressed as
r-1
N(t' +t) = ;g% @(r,r-p) Nr_p(t')

where Nj(t) = inventory of isotope i at time t.

P A, ; At —Ar At
) F 3
PRI 0 Dol Bk g 3.
q= jei jgo (Apoj = Apsi)
Jj=i



The term @ (r,r-p) can be interpreted as the probability that an

atom of isotope r-p at time t' decays via f—p r-pslme.... r

by time t' + At., Notice that@ (r,r-p) depends only on At.

Thus “or a chain of radionuclides, E£q. 32 becomes

Np(r) N,
pli,r,t' + At) = Z Z @U'_;-p‘)' .;M(J’-".r-p).p(i‘-k-.r-p.t')+
p=0  j=1 v -

[]-M(J,r,r'-p)]. p(i'kj’]ar'p:t')
35.

The sum uver parent isotopes is taken to Np(r) to indicate
that the sum doesn't necessarily have to be taken to the top of
the chain. The overlap fraction M(j,r,f-p) now depends on the
velocity interval j and on the average isotope velocity for atoms
of isotope r-p which decay to isotope r during At. The method .
for determing this average velocity will be discussed later.

10 further aid understanding of Eq. (35), consider the
following probabilistic interpretation. The probability that an
atom of r-p in grid block i-kJ at time t' will be in velocity
interval j, will decay to species r and end up in grid block i at

time t=t' + At can be expressed as the product of three terms.




P(j,i-kj.r-p.t')

(Probability of being in velocity interval j)

. (Probability to decay from r-p to r in t)
. (Probability to be in grid block i at time t)

i [%v] . [@(ryr-p)] - [M(3,r,r-p]]

Recall that only two grid blocks can contribute for any velocity
interval j and r-p ——r transition. These are blocks i-kj and

i-tj-l. For all other blocks, the overlap fraction is 0.

Velocity Mode) -

For transport of a single species, the overlap fraction for
velocity interval j is given in Eg. 29 as

M(j) =1 - (V.j At/ Ax - kj) 36.

When transporting chains of radionuclides, the overlap fraction

becomes

!-V(j,rjr-g) At ] -

I.AX Jj

W
~3

M(joror‘p) . ] g

.47-
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and

1/ i LA . .
PN T Wi e . ;t(bt 1/3,) v(4.8)

Motivated by these two simple examples, we use the following

approximations for the general decay chain.

repe—=r-p + 1 son ]

- r-. T
If 1. < At 0%k <
Arok p+1 il
then T . = /Ar 39
L i 39.
] . :
Let}T i=1, n; n=p+! be the set of all values of A which
i
meet the criterion of £q. (39). Then for any species r-k such that
i ] > At/p+l
r-k

At - 1/ .
i=] i (
ve set T, , *® e .
p+1=-n
In case - < _At for all k = o,p
Ar'ok p+l
At
5
¥ R r-k
then Tr—k =
R 41
4=0 "r-q

To examine the accuracy of this model, consider the lwe member

chain r-1=—=r, The probability that, in time

interval At, an



atom of species r - 1 decays to species r which survives to the

end of At can be written as follows:

- A t - (at - t)
dP(r -1y r) -(e o ) ()‘r-l dt) (e e ) 42.

The first term in parentheses represents the probability that
species r - 1 survives to time t. The secon;d term represents the
probability that species r - 1 decays to species r in time
.increment dt. The third term represents the probability that

species r survives from time t to time At. Thus, for this case,

At
/ tA e A1t g Ar“At't)dt
0

Tr-] 5 At 'Ar-lt -,\r(At-t) 3.
f AL o dt
0
The solution to Eq. (43) can be written as
(A=A, ) at
T}-] % e( - T AT At- ————}——-—- 44,
: At Arg -1 Ar T Apa

T is then set to T = At - T ..
r r r-1

Consider the case where the half-life of species r-1 is short and

the half-life of species r is long compared to At.

Then A, , At > 1 , A at<]

and Ar_} > Ar "

In this case, Eq. (43) can be shown to give



r-1

Similarly, if the half-lives of both species are long compared

to At, one can show that Tr—l = 1/2At

Thus, for the two species case, the exact solution of E£q. (44)
produces the same special case results as our earlier examples.
Exact calculation of_fr_q becomes difficult for chains of more
than two species. However, we can compare our simple model as
represented by Eqs. (39), (40) and (41) with the exact solution

given by Eq. (44) for a two-member chain.
As a first example, consider the following problem
At = 1000 yr  and

half-life pf isotope B = T]/ (8) = 10,000 yrs.
12

We will examine TA for several values of Ty, (A)

Thus,

In 2 -5 -1
« e . < §. ] yr
8" 10000 il o -

For this case, the NWFT/DVM velocity model gives

] 1
T, = =~ for — :5435/



T, = At/z for ]/XA >At/2

TB'At‘TA
Comparison between the NWFT/UVM model and the exact

solution is shown in Figure 19.

As a second example, let

At =1000 years
T] {(B) = 200 years
/2
Then Ay = £n2 = 3.47 x 1073 yrs™]

200
We again examine ?A for several values of l/xA. The NWFT/DVM

model gives

I
TA = % at ,_ 1 g At/2
1 1 A
™ . . A
A Ag
fA =At - 1/xg > l >A.t/2
A

The comparison for this case is shown in Figure 20. Figbres
19 and 20 indicate that, for the two member chain, the NWFT/DVM
velocity model is reasonably accurate. The adequacy bf the
velocity model is illustrated in several comparison problems

presented in the NWFT/DVM user manual.
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OVM Subroutines

The calling sequence for use of the DVM option is shown on
the next flow chart (Figure 21). After the flow calculations,
subroutine METHOD is accessed from ANAMOD. Setting option 13 to
zero indicates that DVM is to be used. Inside the dashed lines
are the calls made by METHOD.

Subrout ine DXOT f nds: %he tine <tep, the space <ter, and the
number of designated source blocks to be used. The logic is
discussed in detail in a later section. DXDT uses BRANCH to set
up decay -hain information needed to find effective leach times.
It uses € 44T to arrange effective leach times, half-lives, and
average migration times into ascending order. All DXDT logic is
bypassed (except for the number of source blocks) if the user
inputs nonzero DX and DT on the DVM control card. (See prBblem 5
or the Users Manual).

Subroutine SETUP has 6 functions. First, isotopic velocity
distributions are determined. Second, the grid block structure is
set for source blocks, migration path blocks, and (possibly)
collector blocks to catch material assigned negative velocities.
Third, velocities are assigned to those particles which decay
aover a time step according to the velocity model above. Fourth,
the transport (8) arrays are constructed using the decay and

production factors returned from BRANCH. Fifth, the discharge




analytic
solution

. —

OPTION 13 # 0
S

- S e S e SN e 0y

ANAMOD
after flow
calculations

call METHOD

0PT10Ni13 =0

S——

call DXDT

calls BRANCH

and SSORT

L

call SETUP

calls BRANCH
PRP and SOURCE

i

call TRNSPRT

calls TPPRT
and SOURCE

Figure 21. DVM Flow Chart
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factor array is found with function PRP serving as the integral
evaluator. Sixth, the initial call to SOURCE is made.

The transport of material from grid block to gric bdlock over
a time step is done in TRNSPRT, TRNSPRT loops over time from T
to TUB. During each time step, radionuclide transport is
performed, source material is placed in the source blocks (by
calling SOURCE), radionuclide discharje rates are cilculated, and
resulis arc optionaliy printed (by calling TPPRT).

Sample Problems 3A and B can be attempted with the

information presented thus far.

Source Model

The source mode! accounts for both leach and solubility
limits by considering three different radionuclide inventories;
namely, (1) unleached (2) leached but undissolved, and (3’
dissolved. In the present version of DVM, the leach rate is
assumed constant. However, generalization to a *ime-dependent
leach rate is straightforward.

For a constant leach-rate model, the quantity of waste matrix

leached during time step At is
m
Am = —:1- At 45.
where ™ is the initia! mass of waste matrix and 7 is the leach
time. The ccncentration #'(r,t + At/2) of species r in the waste

matrix at time t + At/2 is determined from



"o(r)
Hirt e at/2) = Y alEr-plalrp, t- atr2) 2.
pro

nus the amount of species r leached between t and t + At is

approximated as

m
AN(r,t + 88/2) = r(r,t + at/2) —at 47,

Quantity AN(r, t + At/2) is placed in the undissolved inventory
which is given by
Np(r)
N, (r,t +# At/2) = :1(r,r-p)Nu (r-p, t- Aat/2) +aN(r,t+ at )
) 48.
where: N (r,t) represents the quantity of species r in the
undissolved inventory at time t. The guantity of species r which

enters solution between t and t + At is

AN (r,t + At/2) = MIN (Nu(r,t + At/2), C.Q At]

asg.

where .st(r. t + At/2)is the amount of species r placed in

solution between t and t + At, C_ is the solubility limit in

s
nass radionuclide per mass fluid, and Q is the fluid flow rate in

mass fluid per time.

“a/n
o
'



A flow chart for the subroutine SOURCE is presented in Figure
22. Some details and terminology are given here. The initial
call to SOURCE is designated by putting a zero in the subroutine
argument list. The initial call to SOURCE can be found in routine
SETUP. Inventories are established at release time, TR. The
LLONLY parameter is user input on the DVM control card. Its

function:

LLONLY = 0 the source rate is ccntrolled only by the leach

time

LLONLY = 1 the source rate is coatrolled only by solubility

limitations

LLONLY = 2 the source rate is automatically determined at
each time step (leach- or solubility-limited)

by routine SOURCE.

An assumption is made here that leaching begins at time -
TR' Thus, the inventory after being aged to T (n(TR)) is the
unleached inventory at Tg for LLONLY = 0 or 2. The undissolved
inventory, NU(TR), is initialized to zero for LLONLY = 2. For
LLONLY = 0, the undissolved inventory is not used. For LLONLY = }
all material is instantly available for solution (i.e., there is

no unleached inventory). In this case, we set NU(TR) = n(TR) and

then n(Ty) = 0.

o
w



The remainder of the flow chart descrintion is valid for all
calls to SOURCE. If leaching is not in progress at time t (i.e.,
t>Tp +# 7 or LLONLY = 1) then the amount leached over DT is
zero, An(DT) = 0. In the case t>Tp +7and LLONLY = O we
immediately return to the calling program. In the case LLONLY = )
there may still be source from the undissolved inventory eyen
though leaching has terminated. - .

If leaching is in progress, we first age the unleached
inventory to the midpoint of the next time step, t + DT/2. H}th a
constant leach rate, the amount leached over DT 1t then
approximated by

an(0T) = %l n (t + gl)

For LLONLY = 0 that is the source so that .
NS(DT) = An(DT)

For LLONLY = 1 or 2 the undissolved pile is aged to t + DT/2. "The

amount available for solution at t = DT/2 is then
N,(t+D7/2) = N, (t+DT/2) + an(0T)

The amount that can enter solution may be coverned by the

(ﬁl
o~
D

»

solubility limit. First, average solubility limits, the

wr



Initial Call?

Jves
LLONLY=0 Inventory at release time is LLONLY-2
n and set t=TR . F "
J Lionty=1 N =0
Nu =N "
n =0
*—3{ Leaching in progress? AJE
b - _ YES
Age 1 tot +«+ DT/2 and LLONLY = 0 Set Source
bLONLY=0? ] set an(o7)=2L n(¢ + B2) N (DT)=An (C

l MO i LLONLY = 2
sl |
_Jan (0T )= BJ ge HU to t + 0T/2

Amount Available for solution
‘ (uDT/Z)znu(UDT/Z) + AT (D7)

¥ |

Find average solufiiity limits
CS, fromt to t + DT

. /!

w (07) =0 Set t-‘s (0T) = min {NU(UDT/Z). cs Q DT}
L and H_(1407/2) = K (140T/2) - N_(OT)

ni(DT) >0

! Find total atoms existing in the
______source blocks, sum

| L

{ "__——frz";;—n.: to be inserted is

| I = sum + NS(D:)

Figure 22. Sgurce Model Flow Chart
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average isotopic mass fraction times the solubilities) are found
fromt to t + DT. Then the source is

J

N (0T) = min {N, (t + 0T/2), G ot}

where Q is the volumetric flow rate in ft3/y.
If the source, summed over all isotopes, is zero (or
insignificant) the routine is bypa.sed on this and future calls.

Otherwise we update the undissolved inventory,

N, (t +0T/2) = N, (t + DT/2) - NS(DT).
Then, the total material in the source blocks is distributed
uniformly across those blocks. That is, we set SUM equal to the
amount in the source blocks at time t. Then each source block is

assign~d the same amount, [/NSB, where
I = SUM + "s (0T).

In particular this process assumes the source remains uniformly
distributed through the depeository. Finally, t is updated to t +

DT in anticipation of the next call to SCURCE.

Determining total discharge of species r from time t to time t

+ At can be viewed as evaluating

N)(r)  NB(r,r-p)
r, t, At) = 3° 2 F(r,r-p,i)p{r-p, ‘:‘-H‘,t) S0



where

NB (r, r-p) marks the grid block farthest from the boundary
that contains precursor r - p and can contribute to the discharge
of r, F(r, r - p, i) is the fraction of species r - p in grid
block Nx = 1 + 1 that discharges as species r, and p(r - p, Nx
- i+ 1,t) is the number of atoms of species r - p in grid block
N, -1 +1 at time t.

The determination of array F ( and as a by-product, the
array NB) is the subject of the following discussion. As seen
by the notation, F is independent of time. Hence, F can be con-
structed during the setup process and stored. Furthermore, F can
be determined in a potentially different manner for each p.
However, with simplifying assumptions concerning velocities and

production, we reduce the cases to p = 0 and p 21,

Case 1 p=0

Here, we are concerned only with atoms of species r at time
t that discharge as species r durinag the time increment At. Recall
that each grid block has its contents of species r partitioned
into Nv equally weighted velocity packets. Packet j is assigned
velocity v({j, r), j =1, ..., Nv. So packet j in grid block Nx

- 1 + 1 can contribute to the discharge of species r if

V(ij, r) At 2 (i - 1) * Ax.



The measure of its contribution and the time required to

discharge depends on the Courant number,

At

eli, r) = v, r). —3x3

A packet may totally or partially traverse the boundary as

exemplified in Figure 23.

-
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Figure 23. Total and partial discharge of a typi&a1rpacket
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If there were no radioactive decay, F could now be

determined by

N
o Wi,
F(l“,l".f) - Z —-ﬂ—r)
=1

where l/Nv represents the fraction of yrid block i that is
assigned velocity v(j,r).

However, with decay the fraction F should be reduced to
account for radioactive decay which occurs before the packet
crosses the discharge boundary. In order to calculate the
fraction of an isotope that survives decay until it discharges we

need the time, t(j, r, i),
o<t(j, r, i)< At
that a packet crosses the boundary.
Rgferring to Figure 23, we define the time to discharge as

the time at which the spatial midpoint, mp, crosses the

boundary. That is,

i-172 [ i ] 6
m At for [@(J,r)]> i-1
t(j,r,i) =
€lj,r)+i-1 ) '?]: o
i B At for E%WJ,r)J i-1



Thus, the array F for the case p = 0 is defined by

N
1 v s L g
F(r’r'i) = — Z h(J, r) exp(')\,.t(J.".‘)) 51
NV 3
J=1

Note that NB(r,r) = [t € (Ny, r) + 11] .

Case 2 p=] i

Consider the subcase p = 1 as a model.

Suppose an atom of species r - 1 at the beginning of time
interval At is distance L from the discharge point. We determine
the probability that this atom decays to species r and discharges
in At as the product of probabilities of the follewing three

independent events,

Event 1. The atom is of species type r - 1 after time td

Event 2. During infinitesimal time dty, the atom decays to

species type r.

Event 3. The atom remains as species r in the time remaining to

discharge,.



These events have the probabilities:

pr (Event 1) = e

pr (Event 2) = f(r-1,r)Ar-] dtd

pr (Event 3) = e~ A p10

where,
f(r-1,r) is the decay fraction of species r-1 to r and TD is

the time remaining to discharge, i.e..

L - v(r-1) td
W

Note that v(r) and v(r - 1) are picked from the velocity
distr{butions for species r and r - 1. However, they are chosen
from the same velocity subinterval and thus the velocity index j
is dropped.

The production fraction of spgcies v by species r - 1 is ‘then

found by integrating over possible times of decay,

2 Ly (r-1)t,
P(ror-1)= X__,f(r-1,r) exp(- X ._jt4lexp|- T 3 Y
T
] -
52.
- L) [1/u(r-1)
= ApfR-linexp | —aoy A AR KL
‘ (r) y(r‘”
- . T2
| A ,
exp?('\' - "]>.v(r-1)tdf
L\vlr)  w(r-1) ] £
T .



The above integration is valid so long as

Ar Ar-]

ey * vir-T™
Otherwise, 52 is replaced by
- ArL
P(r,r-1) = Ar_]f(r,r-l)e RIGHE (T2 - T]) 53.
Here, T' and TZ define the earliest and latest times that an
atom of species r-1 at a distance L from the boundary can decay
and then discharge as species r. Their definitions are given
below. The minimums and maximums in their definitions are
necessitated by the number of different ways that velocities can
be related.
The following example may serve to elucidate the
definitions. Suppose v(r-1)>v(r)>0 and v(r-1) At > vir) aAt>
L. Note that both velocities are large enough to carry particles
the distance L over At. In particular, v(r) At > L implies that
an atom can decay instantly to species r and discharge as species
r. That is, T] = 0. On the other hand, decay must occur before
an atom of species r-1 reaches the boundary. So, time of decay
must be less than the travel time of species r-1 over the di;tance
L. Thus, T2 = L/v(r-1).
To aid in the general definitions of T] and T2 we use the
values Tmin and Tmax. Tmin and Tmax are the minimum and maximum
migration times over distance L. If Tmin > At there can be no

contribution to discharge from distances greater than or equal to



L. Also, Tmax is not allowed to be greater than At, since we are

constrained to the time step At.

By examining in turn the remaining order relationships of
(v(r), v(r-1), 0) and (v(r) At, v(r-1) at, L), the following
formulae can be verified.

T . = L
min max(vir),vir-1)) 54.

L L
Tmax ={ min(v(r),v(r-1)) if 0 = min(v(r),v(r-1)) = oF 85.
At otherwise
-
| i (1) £ y(r-1) < 56
T] 2( V(r-T) o 'y’ :r) 1 V(r' ) V(r) »
0 otherwise
L-T y(r)
= max . : -
T2 i i sy e ify(r-1) = y (r) 57.
% otherwise n

In equations 56 and 57 it is not obvious, a priori, whether T]sz
or T2 z:T]. We avoid this problem by taking the absolute value of

the integral in equations 52 and 53. Certainly, if

Tmin =At

or



there is no contribution to discharge of species r from these
velocities, so calculations 54 through 57 should be bypassed.
This also einsures Ty =0 and T2 =0.

In order to generalize 52 and 53 to cases p > 1, one could

consider the set

{t(r = P)s ceey t{r - 1)} X

where t(r - k) denotes the time interval over which species r - k
does not decay and travels with velocity v(r - k), k = Yy sang Do
Then dt(r - k) would be that infinitesimal time for decay from
species r - k to species r - (k-1). In this fashion, p - 1 nested
integrals must be evaluated. However, finding the 2(p - 1) limits

of integration then becomes a formidable task.

As an option we treat the decays of species
r-p —=r-(p-1 = ... = r-1
as a single process over time

P

ty = }: t(r - k).

K=1
The velocity achieved during time td is approximated by the

arithmetic average of species' velocities, i.e., define v(irp) by

virp) = B :E:: vir - k).

—
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This is a reasonable approximation for small td (see velocity

mode] treatment), which is generally the case in this analysis.

Eve15 1 is then restated as:
Event 1': The atom begins t as type r - p and is of type r - 1.5t
td'

Events 2 and 3 remain the same with TD replaced by

L - virp) t
™ ’
vy\r
The probability of event 1' is the Bateman production coefficient
gver td'
P P - A t * Aw_ 1t
n fir-k,r-(k-1)) xr-k e r-f d -e r-1°d
k=2 EERE W igy - A )
n r-m r-{
m=]
méf

where f(r - k, r - (k - 1)) is the decay fraction of species r - k

to species r - (k - 1). The production fraction is then

p
Plryr-p) = 0 flr-k,r-(k-1)) a__,
K=1 -

L -v(rp)td

2 | “Arete T Aeata | AT
-¢ l dt 58.

(a b WS .
r-m r-¢

3 3
won

-1 o
ey
"
(]
- o|n
Pugy



A Ar-k - .
If ;T;) # ;T£57 for all k = 1, ..., p, then integrating 58 and

and rearranging terms yields

p Ay
Pry r =) =1 F(r =k, r=(k=1)) A e ")
k=] s
T
2
l

Ar Ar-f
2. (w1 Arm=Aeop) |9TF) - 1)
[-.] m’! :

N

. . p
If for p = 1 we define N (Ar-m B Ar-[) *1, then equation 59

m=)
m= {

contains equation 52. i

p
If for some f= 2'Ar/V(r) = Xp. ¢/ /v(rp), then the sum :E:

=1
P
is replaced by 2{: and the term
{=1
(¢l
P
I flrk,r-(k=1)) Kok exp( Ay L)' et hy
o vir) ﬁ WNeomAro g’
m=1]
m#g°

15 added.

59.



The determination of T] and T2 proceeds as in equations
54 through 57 with v(r - 1) replaced by v(rp).

Since v(r) = v(j, r) for some velocity interval j =1, ...,
NV , v(rp) and thus P(r, r - p) depends on j. We can use the
above model for defining F by relating distance L to grid blocks.
We make the assumption that all material in a packet is located at

the grid block midpoint. That is, let

L=(i-1/2)Ax

To define F first set

P(j,r,r-p) (evaluated at L) 0_<_Tmin_<_ me<.st
#(j,r,r-p]) =
0 otherwise
Then array F is given by
NV
Flrorpi) = 20 2lisrorep)
¥y 60.

Remark: It may happen that v(j, rp)At < Ax/?
for all j =1, ..., Nv. In this case, some of species r in grid
block Nx should discharge during At. However, because we take

L as the distance from the grid block midpoint to the discharge



location (i.e., for block N‘ L = Ax/2), the discharge model
presented above would produce no discharge of species r. In this

special case, L is decreased to L' such that
vij, r) At> L' or v(j, rp) At =>L"
for some j values. Then for grid block N, (i.e., i =1),

N

L s |
L W 24 #(j, ry r = p) (evaluated at L')
3= 61.
Further, note that NB(r, r - p) can be defined by the maximum
value of i that yields #(j, r, r - p) # 0 for any j.
Together, equations 51 through 61 completely define array F.
Sample Problem 4 can be attempted with the information

presented thus far.

Space Step and Time Step Criteria

Proper space and time-step selection require consideration of
the following: 1) minimization of numerical dispersion, 2)
source term accuracy, 3) proper resolution of discharge curves

and 4) machine storage and 2xecution time,

iy . B
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Numerical Dispersion. In DVM, numerical dispersion is primarily

controlled by the Courant number which is defined for isotope r as

. vir) at
€(r) et e
Analysis of numerical dispersion in OVM indicates that numerical

dispersion can usually be adequately controlled if
min {%ﬂr)}a: 1
r

Numerical dispersion can also be affected by the length of the
contaminant pulse. Clearly if the pulse extends over only 1 or 2
grid blocks, some pulse smearing will result. The length of a

contaminant pulse can be approximated as

P(r) = NSB - ax + V(r) Teff (r) :
where PL(r) = pulse length for isot;pe r
NSB = number of source blocks
T '*r) = effective leach time for isotope r. The

eff
effective leach time is the time actually

required for all of isotope r to enter
seint’on., If r is solubility-limited,
th t me will generally be greater than

t2ach time.






It is recommended that
At =2 {m}n o, (r)}

Machine Storage and Execution Time. Storage and execution time

considerations suggest maximizing Ax and At. However, in
addition to the criteria sudbested above, Ax should not be greater
than the source length (DEPLEN) and At should not be greater than
about 1/2 the minimum isotope migration time. Present array

Giliensions require that
Lp/ Ax = 1400,

It is important to note that the above criteria neecn't be applied
necessarily to all isotopes in a decay chain. For example, a
short-lived daughter of a long-lived parent may discharge only due
to the parent discharge. Thus, its numerical dispersion and
discharge curve are controlled by those of the parent. For
practical considerations this means that the above guidelines do
not have to be applied necessarily to such an isotope. The test

for discharge from the source for isotope r is currently

T fr)
Tm(r\ =10 173tr]



Finally, it is possible that these criteria cannot all be
satisfied. Increments AXx ! t then be compromised in
some fashion.

The space and time steps for DVM can be read as input or
can be internaily calculated by the routine DXDT. The following
flow chart, Figure 24, shows the DXDT routine logic. The symbol *
throughout the chart is used to indicate "minimum important."
"Minimum" means the smallest value of the variable taken over all
Isotopes in a given decay chain. "Important" here is used to
indicate those isotopes for which a significant portion of their
discharge is due to their initial source. More specifically, an
isotope is considered important if its average migration
not very much greater than its half-life. In symbols

alr) S N ° Tl,ﬁar) , some N >0,
i /L

for isotope r to be important. Currently in NWFT/DVM we set

This mea that according to our arbitrary classification,
important isotopes those for which average migration times

are less than ] lves. Thus, important isotopes discharge
—3 S 1 144 1 ] fAar N+ h e 3 ec
0 of their initial inventory. Otherwise,

be contr led by parent or 1i1s i

' & 1 n” I -
these ) » 0 s that




That is, DT1 is chosen to be the smaller of one-half the minimum
important effective leach time and the minimum average migration
time. Effective leach times are calculated from solubility limit
considerations. Recalling routine SQURCE an amount E; 0 OT is
input at each time step for those isotopes which are solubility
limited. |In general for such isotopes, the time regquired to
completely dissolve the inventory of an isotope is then longer
than 7 . Therefore, effective leach time is a measure of time
required to deplete the undissolved inventory. Using reff as
opposed to 7 can often allow a larger initial guess at DTI.
Further, DT1 is required to be no larger than 1/2 Tmmin. This
ensures that no material can travel from the source to discharge

points in a single time step.

Next, DT1 is compared to important half-lives. There is a
decay approximation in the SOURCE routine that will lose accuracy

for DT1 > T The approximation is that the average amount

1/2°
decayed ar produced over DT can be estimated by the amount at
DT/2. For DT = 2 T1/2 the error is reasonably small. So we
require

DT2 = min (DT1, 2 TI/Z)'

Resolving curves means generating enough points to accurately

describe curves. We do this by reacuiring at least one point on

the breakthrough portion of the discharge curves. Recalling the

-79-
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source pulse length is defined as
u eff
v

+ DEPLEN
where

DEPLEN is the source (or effective depository) length (ft).
Here we find the minimum important product of 7 effrarod vV over

all isotopes. So,

e ( Teff ¥ )"+ DEPLEN
0X2 = min JDX1, 4

where C4 is currently 10.
Also, the number of source blocks should be at least one.

This number is calculated from DEPLEN/DX. So, we require
0X3 = min {nxz, DEPLEN}

The amount of material in each grid block is stored over-each
time step. Arrays containing this information must be dimensioned
in NWFT/DVM. Current dimensioning requires that the number of
grid blocks be no greater than 1400. If X/DX3 =< 1400 then set DX
= DX3 and return. Otherwise, set DX = X/1400. Here X denotes the
length from the left edge of the depository to the discharge point.

With DX larger than DX3 it ic necessary to recheck Courant
numbers. If the minimum important Courant number is no less than
.9, DX and DT are deemed acceptable. If not, a compromise DT is

calculated. Hopefully, a time step that gives the minimum



s ———




important Courant number as .9 is less than 1/2 Tminand TUB -
TR. If so, this DT is used. Otherwise, we set DT = (TUB -

TR)/40. Sample Problems S5A, B and C can be attempted now.






NWFT/DVM SAMPLE PROBLEMS

Five sample problems are presented, having as their main
purpose illustration of the input mechanics and applicability of
NWFT/DVM. As will be seen, much of the input data remains
unchanged from problem to problem. Therefore, sample problem 1
represents a basic setup which is examined in some detail. This
setup, referred to as the base-case (BC) is specific to the
geometry of the reference site (Figure 1-SP) and uses results from
the SWIFT computer code simulation of that site ‘Figure 2-SP).

We superimpose the NWFT/DVM flow network with the darker
lines as depicted in Figure 3. Figure 4 shows the numbering
system used by NWFT/DVM. Observe that legs 1-4 of the network are
placed at the shale/middle sandstone interface and legs 5-8 lie at
the shale/lower sandstone interface. The left-hand boundary of
the network is taken as the midpoint of Column 29 (Figure 3) in
order to satisfy two restrictions. First, it is at sufficient
distance down-dip from the recharge region to ensure that the
fluid flow has an insignificant vertical component. Second, it is
far enough up-dip from the depository to ensure that most
disruptive features near the depository will not affect the
pressure boundary conditions. The resulting placement of the
NWFT/DVM network is critical to the determination nf innyt

pressures, elevations, leg lengths, etc.
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Figure 1-SP. The Reference Site Geology.
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Sample Problem 1: Base Case
The base-case description is as follows:
BC(1) The title card (8210)
BASECASE SETUP

BC(2) The options card (2311)

Enter ones in column 1, 13 and 17.

BC(3) The pressures card (3£10.3)

Pressures at elevation for junctions 1, 2, and 3 are required
boundary conditions. They are taken from the output of the compar-
able SWIFT base-case (i.e., no d.sruptions) simulation of the
reference site. (See NWFT/DVM User's Manual NUREG/CR-2081.) SWIFT
calculates pressures (Ibs/in.z) at the top center of each grid block.
So, junction 1 corresponds to block (5, 29) and junction 2 to block
(12, 29). These values can be found in Table 1-SP. Junction 3 is
tr2ated somewhat differently. By referring to Table 1-SP it can be
seen that pressures along row 5 show Tittle change from columns 29
through 65. From 66 to 69, however, pressures increase in order to
drive the flow upward to river L. The discharge point in NWFT/DVM
is technically 1100 feet below river L so there is no need for the
pressure increase. Indeed, NWFT/DVM flow calculations are more
compatible with those of SWIFT when the input outlet pressure is
comparable to the typical row 5 entry. we tnerefore equate junction

3 pressure to that of junction 1. Thus,

P(1) = 432.7
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889,80
~405.9
~'86.5
“12%.%
15
100.9
IT LR
228.1%
2711.)
$3%.5%
399%.8
LLETS

11

~226.7
LI
~40.0
102.2
22%.1
275%.1
0.2
3.7
366.9
“02.2
52.3
Sie.7

2i

“16.9
“34.2
109.3
253.s
910
453.3
56,0
s70.4
LY
465.40
LR L PR
585.4

5

~43.%
183.
287.2
432..
e
$33.0
9230
$22.¢
S
S712.°
e%8.

~425.5
~382.4
~238.5
-99.5
‘0.6
125.0
188.3
2%2.1
2940
3%8.6
422.5
508.5

12

~207.8
~i68.7
“21.0
123.0
284,
290.9
321.5%
3sr.9
3r2.5
403.)
451.1
33%5.%

2

~69%.1
~26.1
1r.e
262.0
A06.)
%l.9
454,808
av8.0
“we .
s72.6
S06.6
$93.2

32

~43.6

~L.r
183.2
287.5
3.0
V92.%
50%5.2
326.7
S26.5
539.0
578.)
fbi-ﬁ

'

Table 1-SP:

3

“401.4
~358.5
~213%.3
“T1.6
6.6
140.7
200.0
267.8
31041
378.2
438,06
S2%.4

13

~187.9
~145.2
~he6
142.6
262.1
305.9
332.7
365.5
376.5
403.)
89,2
S84.8

23

“61.0
~18.3
125.0
269.5
a13.8
4%69.3
av72.2
485.5
“rv.2
“80.2
FIL RN |
600.7

3

~43.7

1.3
182.9
287.2
431.5
2.7
506.9
529.6
530.6
S44.8
S840
e71.0

-371.6
~328.8
“194.0
~59%.3
LYY
1846
209.4
2745
317.8
382.8
“Mra
3362

s

=170.7
=127.7
16.2
160.0
303.3
J8s8.0
451.8
39%.7
318.1
382.2
486.5
$32.8

24

=95.7
~12.6
131.3
275.5
419.8
475.5
“l8.7
49%2.3
84,2
AB7.5
S21.7
608.)

34

-43.8

“l.6
18246
286.9
431.2
493.1
S08.8
$32.0
S34.6
550.2
590.4
617.1

SWIFT Base Case
Pressure At Elevation H(PSI)

~3435.0
-302.2
~169%.0
“46.6
6.2
172.6
237 .0
284.5
327.9
3%2.6
7.1
543.2

15

-1%3.0
~110.3
33.4
177.4
321.6
Js0.9
3¥e.5%
313.8
32403
389 .1
“54.0
S40.0

2%

-50.0

7.3
136.%
280.5
424,98
80."
‘84,6
438.6
A%1.0
434,08
$29.2
615.8

35

“43.9

-2.0
142.2
286.6
430.9
a33.5
S10.4
$35.)
5368.6
595.5
$96.9
683.2

s

-322.0
-2719.2
“186.3
-28.2
102.8
182.9
2477
J12.5
Jav.s
406.5
4%5%.2
547.0

16

=138.1
=95.1
48.8
193.0
33r.2
37600
3800
322.5
332.4
397.1
V%il.6
S47.9

26

~4T.0

4.0
1%0.0
286.2
424.5
84,9
“89.5
504.2
497.3
S02.0
536.8
623.4

36

~44.0

~2.)
141.9
286.2
430.6
“93.8
S12.1
$38.2
542.6
560.9
602.5
689.2

’

~302.4
~2%99.5
~129.5%
~13.9
106.8
177.8
229.2
287.1
27649
341.2
A13.6
505.9

"

~122.8
~80.1
63.5
207.6
351.9
A08.56
14,0
429.8
4240
432.3
468.8
$95.9%

27

~43.7

-1.0
1s2.8
i86.8
4351.1
488.1
493.8
509.3
$03.3
509.0
5443
631.0

3

“44,.2

-2.6
141.6
285.9
430.2
494.2
S13.2
S41.0
S46.46
566.3
608.6
695.)

~286.1
~243.0
~99%.9
15.6
114.2
170.7
209.5%
61.2
3043
369.2
32.6
S17.%

“110.4
“6T7.3
TE.6
220.7
365.0
a21.7
“?7.0
2.3
43%.9
“i.2
AT6.n
S63.0

~43.0

«0
18439
28A.1
“32.4
490.0
497.0
S13.7
S08.8
S15.9
$%1.9
638.5

3s

~44.3

~3.0
181.2
285.6

429.9 -

a90L.5
515.%
543.9
550.4%
571.6
6187
101,

~264.4
=221.7
~78.1
38.1
137.5%
1948
23407
278.9
313%.9
3TA.Y
424.9
Sis.0

“97.5
~54.8

88.9
233%.0
3rr.2
4335
A37.8
452.2
LA
45,
483.9
370.5

29

~43.0

«1
1841
2R88.4
432.7
A%
499%.7
Si7.%
Sls.0
522.6
559.4
646.1

»

440
-3.3
140.9
285.2
429.%
94,8
S17.2
546.7
594,56
S1v.0
620.7
074

20

~87.4
“a0.)
9.6
243 .7
388.0
3.9
a7.s
“%1.)
453.5
7.2
491.5
S78.1

30

“43.4

N
143,82
2871
4320
491.6
S01.7
521.0
518.6
S528.7
566.2
652.9

.0

-44.9

-3.7
140.5%
284.8
429%.1
951
S18.9
549.6
5%548.6
582.4
626.8
T13.5
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~48 .6
“4.1
180.1
'54.0
42%.%
«95.5%
520.6
19%2.4
962.6
81.8
6%2.8
1.5

51

~46.)

9.1
135.1
219,08
A23.8
a971.5
236.7
SA0.)
602.1
el
$93.5%
180.2

(1]
“86.7
=13.3
133.8
2718.0
422.)
504.1
359.4
616.3
651.6
106.9
167.1
853.9

“2

“S8 A

-
1%9.7
L )
“2B8.6
495.8
922.)
9%%.2
S566.5
593.1
638.93
12%.6

52

“46.5

-7
194,95
218,80
“23.1
497.¢6
3%8.2
S83.0
606.0
646,17
699.6
T86.3

62
~45.8
“T+5
136.0
280.9
425.2
508.0
565.4
624.0
661.0
Tis. o
119%.6
866.3

a3

“48.9

“4.9
137%.3
283.6
a21.9
496.0
924.0
5%53%.1
570.5
598.5
645.0
rii.e

53

~46.8
“10.4
133.8
278.1
N22.4
“97.6
539%.7
585.7
609.9
652.1
res.7
192.4

63
~44.8

“4.7
139.5
283.7
428.0
Si1.8
57T1.2
631.6
670.3
129.7
792.0
ara.7

Table 1-SP (cont'd)

“

~45.1

~5.3
138.9
283.2
a2r.5
96.3
32%.6
560.7
574.5
603.9
651.0
sr.y

56

~aT.0
“11.2
133.0
277.)
“21.7
“%7.6
541.1
S88.)
613.8
657.4
TiL.7
798.5

L1
~43.8

“1.6
182.0
286.4
430.5
515.0
576.2
638.3
678.9
TA0.8
804,04
891.1

o5

~45.2

5.8
138.6
282.7
a27.1
496.5
S21.2
563.7
578.5
609.2
657.1
T83.8

b2

“A7.3
-11.9
132.2
2716.6
420.9
AT .0
S62.6
59%0.6
616.7
662.3
7.8
804.5

(3]

~42.%

2.)
145.9
288.8
430.9
S15.3%
518.9
643.4
686.6
151.6
816.7
903.5

“45.8

“6.)
157.9
282.)
426.6
495.4
528.9
566.%
S82.4
614.6
$63.2
749.9

3

-47.5
~12.8
131.6
215.7
%5
505.)
569.9
592.0
993.2
658.3
123%.7
810.6

(19

~40.3

8.8
152.9
296.8
.7
526.9
391.6
6%56.5
699.8
T64.8
829.9
916.6

a7

~4%.9%
“6.8
137.4
281 .40
V261
a97.0
930.5
569.3
S86.4
619.9
669.2
755.9

ST

~4T.8
“13.6
130.5
274.8
419.0
505.4
570.5
596.1
€00.2
665.1
T30.0
816.7

&7
~38.0

16.0
160.8
30s.0
AS1.0
538.0
603.)
668.9
Ti1.9
176.9
832.0
928.8

.8

~45.7

~7.3
136€.9
281.2
25.%
WNT.
S32.1
sr2.0
590.)
625.3
675.3
162.0

58

~48.1
“14.0
129.6
2137
.0
503.5%
568.1
598.3
607.0
671.6
736.1
822.8

68
-36.3

20.9
167.8
315.4
“%2.0
549.9
613.9
681.3
T24.8
790.0
85%.1
942.0

L]

~45.9
~T.8
136.4
280.7
425.0
.3
533.8
ST4.0
594,
630.7
6RL.N
Tis. 1

9

~48.2
“18.8
128.8
271.8
LIL PN
4982
S546.0
599.17
631.8
6A3.6
782.0
828.9

(3]
-38.2

15.2
172.8
326.2
a7s.3
S64.8
631.6
697.4
TAL.0
806.3
ari.s
"58.5

se

~46.1

8.0
135.8
280.1
A28
A97.0
$35.2
817.5
598.2
636.0
687.4
1181

~47.6
~12.9
131.1
2715.0
419.1
.”.’
$53.2
608.5
642.1
695.4
". ..
8al.4
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BC(4) The Conductivity Cards (8£10.3, 7€10.3)

The reference site hydraulic properties used in the SWIFT
calculations are shown in 7able 2. Appropriate hydraulic
conductivities for legs 1, 2, 3 and 4 are the horizontal
conductivity of the middie sandstone. The horizontal concductivity
of the lowas sandstone is used for legs 5, 6, 7, and 8. As the
hydraulic conductivity across the salt and shale is essentially
vertical, we assign an efrective vertical conductivity of salt and
shale to legs 9, 10, 11, 12, and 14. Similarly leg 15 represents
vertical flow through portions of both the middle and lower
sandstone. The differing media can be viewed as providing
resistance to flow in series. As an example we find the effective

conductivity of leg 15, thus

L m
where
R = total resistance to be assigned leg 15
RL = resistance of lower sandstone.
Ry = resistance of middle sandstone.
So



Table 2-SP. Reference Site Hydraulic Properties

Horizontal Hydraulic Vertical Hydraulic
Conductivity Conductivity

(ft/day) (ft/day) Porosity
Middle
Sandstone 50 1.4 0.3
Lower Shale i0-2 10-3 0.3
Salt 10-5 10-6 0.03
Lower

Sandstone 40 7.0 0.3



where

Lis = Tlength of leg 15

K1s = conductivity assigned leg 15

A]5 = cross-sectional area of leg 15

LL = length of leg 15 through lower sandstone

KL = vertical hydraulic conductivity of lower sandstone
Ly = length of leg 15 through middle sandstone

Km = vertical hydraulic conductivity of middle sandstone
R, ok

From Figure 3-SP and Table 2-SP

1100 = 600 + 500
Kis

In a similar manner effective conductivities are found for
legs 9-12 and 14. The appropriate leg lengths are given in the
Br(6) cards below. Refer to Table 2-SP for the vertical

salt/shale conductivities. The horizontal conductivity of salt is

assigned to the depository location, leg 13. So,




legs 1-4 K = 50 ft/day

legs 5-8 K = 40 ft/day

legs 9 & 12 K = 1.5 x 10°° ft/day
legs 10 & 11 K = 1.67 x 1078 ft/day
leg 13 K = 107 ft/day

leg 14 K =1.57 x 1078 ft/day
leg 15 K = 2.5 ft/day

BC(5) The Cross-sectional Area Cards (8£10.3, 7€£10.3)

The aquifer widths are assumed to be that of the depository
(6000 ft). Upper and lower aquifer thicknesses are 1000 ft and
300 ft, respectively. From Figure 3-SP the width of a leg 15 is
20000 ft. The interior legs are arbitrarily assigned to have

areas of 1 ftz. So,

1000 x 6000 = 6 x 10% £t2

legs 1-4 area =

legs 5-8 area = 300 x 6000 = 1.8 x 10° £t?
legs 9-14 area = 1 ft?

leg 15 area = 20000 x 6000 = 1.2 x 108 ft?

BC(6) The Leg Length Cards (8£10.3, 7£10.3)

As SWIFT pressures are located at grid block midpoints, leg
lengths are measured accordingly. From the right edge of the
depository to the river midpoint is 138,000 ft. Depository lenagth

is 8000 ft and is assumed to be level. From the left edge of the

-95.




depository tn the NWFT/DVM aquifer inlets is 14,500 ft. Vertical
legs must maintain a total length of 1100 ft. Leg 14 is
arbitrarily placed 38,000 ft down-dip from legs 10 and 12. So,

Leg Length (ft)

e legs 1 & 5 14,500
legs 2, 6 & 13 8,000
legs 3 & 7 38,000
legs 4 & 8 100, 000
leg 9 600
leg 10 497
leg 11 500
leg 12 603
legs 14 & 15 1,100

BC(7) The Junction Elevation Cards (8E10:3, 4€10, 3)

The sine of the dip angle used in SWIFT is .012937864.
Using the top center of the grid blocks as measuring points, the
distance from block (1,1) to (29,1) is 140,000 ft. Sin 2 grid
block (1,1) has elevation 6513.7 ft, the elevation of block (29,1)
is

6513.7 - (740000)(.012937864) = 4702.41




The elevation of junction 1 (the upper aquifer inlet) is therefore,

4702.41 - 1100 = 3602.4)

With this as a reference point the leg lengths and dip angle are

used to determine the remaining junction elevations.

Junction Number Junction Elevation (ft)
2 2502.41
3 1525.81
4 3414.81
5 3311.81
6 2814.81
7 _ 2814.81
8 2314.81]
9 : 2211.31

10 2819.67
11 1719.67
12 425.89

BC(8) The Porosity Cards (8£10.3, 7£10.3)
Legs 1-8 and 15 are taken from the values for sandstone in

Table 2-SP. Legs 9-14 are ascigned <alt norosity, So,

legs 1-8, 15 Q= .3

legs 9-14 @= .03



BC(9) The Brine Concentration Cards (8£10.3, 7610.3)
The interior legs are assumed to contafn saturated brine

and the aquifer legs are assumed to have fresh water. So,

legs 1-8, 15 brine concentration = 0

legs 9-14 brine concentration = 1

BC(10) The Migration Path Card (815)

Even though there are no disruptive features in the
basecase, the 6 legs (13, 11, 6, 7, 8, and 15) provide an avenue
for radionuclide migration. Discharge does not occur before 105
years, but evertheless, NWFT/DVM requires that a path be read.

So enter

BC(11) The Well Information Card (15, 2£10.0)
This card is read only if withdrawal wells are present
signified by setting IOPT(12) # 0. So, it is omitted in the base

case.

BC(12) The Isotope Data Cards

The decay chain

NP 237 - U233 — TH229

-98-



is used in the base-case because it is transported in samp'e
problems 2 and 3. The complete set of isotope data is contained

in the following 6 lines:

(i) 3 (15)
(ii) 237., NP237, 1, 0, 2.14E6, 1.E3 (E10.0, 4x, A6, 2110, 2E)0.
(iii) 233., U233, 2, 1, 1.62€5, 1.E3 (E10.0, 4x, A6, 2110,2E) 0.

(iv) 1, 1. (110, £10.0)
(v) 229., TH229, 3, 1, 7.3E3, 1.E3 (EV0.0, 4x, A6, 2110,2€)10.
(vi) 2, | (170, E10.0)

Line (i) indicates the number of isotopes (NOISO) in the decay
chain. Lines (ii), (iii), and (v) contain the atomic mass, name,
component number, the number of parents,'the half-life, and the
initial number of curies for each isotope. Lines (iv) and (vi) are
the parent irformation cards for U233 and TH229, respectively.

They give the parent component number and parent-to-daughter decay
fraction. For example, line (iv) indicates that U233 has the
parent NP237 (componenf 1) and that NP237 decays only to U233

(decay fraction = 1,).

BC(13) The Distribution Coefficients (KD) Cards
A total of NOISO (=3) cards are required. Here, 2 blank
cards are input. Since the machine considers blanks as zeros, all

radionuclide velocities are therefore unretarded.



BC(14) Leach Time and Dispersivity Card (2£10.3)
Leach time is set to 105 years and dispersivity to 500
ft. Cards 15-17 are skipped because IOPT(13) = 1 indicates that an

analytic solution will be used.

BC(15) The DVM Control Card

Disregard in the base-case

BC(16) Solubility Limit Card(s)

Disregard in the base-case.

BC(17) Time-dependent Mass Fraction Cards

Disregard in the base-case.

BC(18) The vector/time Card
Insert a blank card. In particular, this signifies an
upper bound time of 105 year< and a release time of zero years

are to be used.

Table 3-SP is a list of the Base Case Input. Table 4-Sp

contains the Base Case Output.
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s32.70
50.0
1.5[ e
.56

1«
14500,
600.
Ja02.M
2211.31
-3

«03

0.

1.

b 13

237.
233.
1
229.
2

1.£95

1

THE BASECASE SETUP

1

646.10
se.0
1.675-6
‘.t‘
1.0
8000.
4956.9%
2502.01
2819.67
.,

.03

0.

1.

11 6

NP237
u23l3
l.
TH229
1.

S00.

a32.70
50.0
1.67C~6
6.E6

‘.
jaooo.
500.
152%.89
1719.67
.’

.03

..

‘.

T L)

1
2

Table 3-SP.

S0.0
1.%€-6
6.E£6
1.0
1L00000.
603.5
3s1e.8N
425.89
-3
«03
9.
1.

15

t0.0
1.E~-5
1.8E6
1.
1A500.
8000.
3351.31

.,
03
0.
‘.

2.14E6
1.62E5

7.3€3

-101-

A0.0
1.57€-6
1.876
1.
2000.
1100.
2814.81

.‘
.03
0.
1.

1.23
1.E3

1.£3

§0.0
2.5
1.8€6
1.2€8
Jaooo0.
1100.
2818.81

-3
«3
0.
0.

NWFT/DVM Base Case Input

A40.0
1.8€6
100000,
2314.8;
«3

EEARS3Z38823RARARRARAR

o2
EaRalalial

GEBB NN ARSI N~



THE BASECASE SETuP

GPTIONS Lol 240 340 440 5Se0 6+0 740 8.0

NUABER OF ISOTOPES

1SOTOPE NAME HALF LIFE C(YEARS) INITIAL AMOUNT (CD)
NP23T 2.190E+06 1.000E+0)>
U233 1.620€+05 1.000€E-0)
TH229 T.300E+03 1.000€-03
LEACH TIMNE = 1.900E+0% YEARS DISPERSIVITY = S.000E*02 FEET

NO OF VECTORS = 0 TIME UPPLR BOUND = 1.00E 06
-

Table 4-SP. Base Case Output

950 1040 1140 1250 13+1 18,0 150 1640 1741 18+0 19,0 20,0 2140 2240 2340



PR

JUKCTION A (LEGRS 1-2-9) = ALRE LA
JUNCTION 5 (LEGS 2-3-10) = 3.3
JUNCTION & (LEGS 9-11-13) = 2814.81
JUNCTION 7 CLEGS 10-12~-10) 3 2814.81
JUNCTION 8 (LEGS S-6-11) = 2314.81
JUNCTION 9 (LEGS 6-7-12) = 2211.31
JUNCTTONIO (LEGS 3-4-14) = 2819.67
JUNCTIONIL (LEGS T-8-14) = LT19.67
JUNCTIONL? (LEGS B-15) = 425.89
LEG PROPERTIES .
LES 1 LENGTH = 1.4%C«08 F1I
s saan AREA = 5.00E+06 Flee2

LA R R R

------ RADIONUCLIDE

UPPeR AGQUIFER INLET
= 62308.80
ELEVATION = 3602.41 F1

INLET PRESSURE

LOWcR AQUIFER INLET
INLET PRESSURE = 93038.40

ELEVATION = 2502.41 F7T

LB/FTee?2

LB/FTes2

OUTLET
OQUTLZT PRESSURE = 62308.80 LA/FTee2
ELEVATION = 1525.89 F7Y

FLEVATIONS OF

OTHER POINTS

HIGRATION PATH---~~-=LESS 13 11

Table 4-SP.

(cont'd)

15

se Case Output

- cvssnlone ¢ L St ansans ...00;‘0. AL AR R R ]
UrPLR - - - . - - - - - - -
AQUIFER e-=~s LEG | s--mmmw= e B S B —————— L “o LEG 8 scccennans weeesme QUILLY »
INLET  » . . - - - - . - - - - - -
- R Sarassnne - SR ssnnan - SRer s - Srsrssanan
O - - -
SR ssannnn FRAssar e - -
. - - - - -
« LEG 9 o e LEG 10 » - -
- - - . - -
Srsssssan LR - -
- AR BarEann - LA R R LY SRARE s
- - - - - - - .
--------- * LEG 13 e-mmemen * LEG 14 o * LEG 15 »
- - - - - - - .
- LA AR R R R RN ] - LR R R R R LA AR LR R R
LR R LA R R R R R R E] - -
- . - - - -
¢ LEG 11 » * LES 12 » i »
- - - - - -
LR R R R R RN R LA R R R R R R - -
LA R R - - - -
- LR R - LA R R R - SRAranran - LR AR R R -
LOWER - - - - - - - - - - - - -
AGUIFER e=--0 LEG § em=mececcccccccccs (EG 6 e-ccceccmenn cesesmmcne LEG T Smmmmemmmeenae * LEG 8 s-ccennn -
INLET . - . . - - - - .
- LR RN



LEG 2

LEG 3

LEG 4
Samtaans
.
J b
'
LEG S
LA Y
L}
[
|
LEG 6
( EEE T
i
LEG 7

Ahasannn

POROS1 Y
RCCIK DENSITY
FLIID DENSITY
FLUIl wiscosITYy

«300¢
119002
6.23C«01
1.00E~00

LEG PROPERTIES

LENGTH

AREA
CoNDuCTIVITY
POROSTITY

ROCK DENSITY
FLUID DENSITY
FLUID viIscosITY

LU LI LA T T T )

B.J0E«03
6.00E+086
L.83Ee0y
«3000
l.19E+02
6.23€+01
1.00E+00

LEG PROPERTIES

LENGTH

AREA
CONDUCTIVITY
POROSITY

ROCK DENSITY
FLUID DENSITY
FLUID viscosIty

LU LI L T O 1)

J.80E-00
6.00E+086
1.83€+00
<3000
1.19€+02
6.230+01
1.00€+00

LEG PROPERTIES

LENGTH

AREA
CONDUCTIVITY
POROSITY

ROCK DENSITY
FLUID DENSITY
FLUID viscosITy

LU I I LI LA T 1}

1.00€E+05
6.00E~08
1.83E+04
<3000
1.19E«02
6.23E<01
1.00E+00

LEG PROPERTIES

LENGTH

ARECA
conoucrTIvITY
POROSITY

ROCK DENSITY
FLUID DENSITY
FLUID viscosiTy

L.ASEsDs
1.80E«08
1.46E+04
<3000
1.19€+02
6.23E+01
1.00E«00

LEG PROPERTIES

LENGTH

; AREA
covoucriviy
POROSTTY

ROCK DENSITY
FLUID DENSITY
FLUID viscosITy

LU U L B T 1)

B.00E+03
1.80E+08
1.46E+04
«3000
1.19€+02
6.23E%01
1.00E«00

LEG PROPERTIES

LENGTH

AREA
conNoucrIviTY
POROSITY

ROCK DENSITY
FLUID DENSITY
FLUID vIScosITY

LU TR L T T T 1)

3.B0E+00
1.80E+08
1.96E+04
«-3000
1.19€+02
6.23E+01
1.00E~00

LB/FYeu}
LB/Flee}
ce

F1
Flee2
FIZIR

LB/FTee)
LB/FTee}
cp

4 |
Flees2
FY/ZYR

LB/FTee}y
LE/FTee}
ce

FT
Flee2
FTI/YR

LB/FTeae}
LB/FTeal
ce

Fr
FTen2
FIZYR

LB/FTea}
LB/FTee}
cp

FT
Flea2
FI/ZYR

LB/FTen}
LE/FTee}
cp

FT
FYea2
FT/ZYR

LB/FTea}
LB/FTae}y
ce

Table 4-SP (cont'd) Base Case Output




LEG @

LEG 9

LEG 10

Sh e

LEG 11

LEG 12

LEG 1)

LEG 19

LENGIN = 1.00500%

" OAREA 2 1.80E408

CONDUCTIVITY = 1.46E+04
POROSITY = <3000

ROCK DENSITY = 1.19€-02

FLUID DENSITY = 6.23%€+01

FLUID VISCOSITY = 1.00€+00

LEG PROPERTIES

LENGTH = 6&.00£-02

AREA = 1.,00E«00

CONDUCTIVITY = S.4BE-0e
POROSITY = <0300

ROCK DENSITY =  1.65E+02

FLUID DENSITY = 7.40€+01

FLULID VISCOSITY = 1.e3E«00

LEG PROPERTIES

LENGTH = 4.97€+02

AREA = 1.00Ee00

CONDUCTIVITY = 6.10E-04
POROSITY = <0300

ROCK DENSITY = 1.65€+02

FLUID DENSITY =  7.40€«01

FLUID VISCOSITY = 1,.43£+00

LEG PROPERTIES

LENGTH = S.00E+02

AREA = 1.00E+up0

CONDUCTIVITY = 6.,10E-04
POROSITY = <0300

ROCK DENSIVY = 1.65£+02

FLUID DENSITY = T.A0E+0

FLULD VISCOSITY = 1.,43E+00

LEG PROPERTIES

LENGTH =  6.04E+02

AREA = 1.00E«D0

CONDUCTIVITY =  5.48E-04
POROSITY = <0300

RICK DENSITY = 1.65C€«02

FLUID DENSITY =  T.40£+01

FLUID VISCOSITY = 1.43E«00

LEG PROPERTIES

LENGTH = B.00E+03

AREA = 1.00€+00

CONDUCTIVITY = 3.65-0G)
POROSITY = <0300

ROCK DENSITY =  1.656+02

FLUID DENSITY =  T.80E+01

FLUID VISCOSITY = 1,43E+00

LEG PROPERTIES

LENGTH = 1.10€+0)

AREA = 1.00E«00

CONDUCTIVITY = S,73C-04
POROS1TY = «+0300

Fr
FlTes2
FT/TIR

LB/FTee}y
LB/FTee}
ceP

FT
Flea2
FI/ZYR

LB/FTee}
LB/FTee)}
ce

FY
Flee2
FIZYR

LB/FTee}
LB/FTea}
ce

Fr
Flee2
FI/YR

LB/FTee}
LB/FTee}
ce

FT
FTas2
FIZYR

LB/FTee}
LB/FTee}
ce

FT
Flea2
FTI/YR

LB/FTee}y
LB/FTen;
cp

Ft
FTee2
FY/ZYR

Table 4-SP. (cont'd)

Base Case Output
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FLULIR DENSIIY =
FLULD visCoslor =

LEG 15

AR N

T.4%0001
led3Ee00

LEG PROPERTIES

LENGTH
ARER

CoNDUCTIVITY

POROSITY

ROCK DENSITY
FLUID DENSITY
FLUID vIsCosITY

DISTRIBUTION COEFFICIENTS BY LEG

LEGLS
LEGIL
LEG &
LEG 7
‘€6 8
LEBLS

NP237
0.
0.
o.
0.
n.
0.

u233

LTI T T T T T

1.10E+03
1.20E+08
9.13E+02
«3000
le.19E+02
6.23E+01
1.00E«00

LB/FTee}
ce

FT
Flee2
FIZYR

LB/FTee}
LB/FTee3
ce

AND BY 1SOTOPE

TH229

IETARDATION FACTORS BY LEG AND BY ISOTOPE

EGL1S
LEGLL
LEG &
LEG 7

£6 8
LEGLS

NP237
«10000E+01
«10000c+01
«10000E-01
«10000E«01
«10000€+01
«10000E+01

U233
«10000E+01
«10000E01
«10000E«01
«10000E-01
«10000E«01
«10000E+01

TH229
«10000E~01
«10000€«01
«10000E-01
«10000E+0)
«10000E+01
«10000E~01

LEG NO.

OOV @ N -

PRESSURES AT THE LEG JUNCTIONS

AT JunCcrion
AT JUNCTION
AT JUNCTION
AT JUNCTION
AT Juncrion
JUNCTION
AT JUNCTION
AT JUNCTION
AT JUNCTION
AT JUNCTION
AT JUNCTION
AT JUNCTION

FLOW VOL.
(CU FT)/DaAy
3.88L+06
J.88C+06
3.88E+086
3.88E+086
6.58C+05
65805
6.58E+05
6.586+05
=1.59€-07
=T.29C-07

L
SO NV E N -

—
LY

LU LU L A U O T T T I I 1}

6.2309E+04
9.303BC+ 04
6.2309E%00
6.2309C+004
6..309C+04
T.970aC+004
T.97675+00
F.EA6FE+00
9.8362E+04
6.2309E+04
1.0735€+05
1.3101E«05

DARCY VEL.
Fr/0Ay
6.47C~01
6.07€~01
6..':'0]
6.ATE~01
3.66E-01
3.66E-01
Je66E-01
J.66E-01

~TeS9E-07
=7.29€-07

LB/FTee2
LB/FTen2
LB/FTes2
LB/F[ee2
LB/FTee2
LB/FTea2
LB/FTee2
LB/FTee2
LB/FTee2
LB/FTea?2
LB/FTee2
LB/FTee2

PORE VEL.
FT/70AY
2.16E+00
2.16E+00
2.16E+00
2.16E+00
1.228+00
1.22C+00
1.22E4+00
1.22€+00

=2.53E-05
=2<43E-05

Table 4-SP. (cont'd)

Base Case OQutput

.



“T.60E-07
~T.28€~01
~8.80€~-10
~5.83E-07

6.58E+05

TOTAL PATH LENGIH (FT)

FROM DEPOSITORY MIDPT (FT)

AVERAGE FLUID VELOCITY (FT/ZT)

KIP IS REDUCED TO 1 SINCE DISCHARGE EQUALS 0 THROUGH YEAR

Table 4-SP. (cont'd)

~T.60€E-07
=T.28E-07
-O.!ai-lo
~5.83€E-07

5-..6‘0’

1.5160E+05
1.5160€05
A.0570E-00

~2.53E-05
~2.43E-05
~2.93€E-08
“1e«94E~-05

1.83£-02

Base Case Output

1.0000000E~08
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Sample Problem 2: DVM and Analytical Model Options

Problem 2 is designed to demonstrate the use of both the
OVM and analytic model options, the use of recurrent data sets, and
the ability of DWM to reproduce the analytic model output.
Leach-limited source terms and equal distribution coefficients are
used as they are required by the analytic model.

A U-Tube breachment senario is simulated. Leg 9 represents
a 30 ft diameter shaft and leg 10 a 13.5 inch diameter borehole.
Flow occurs down leg 9, across leg 13, and up leg 10. The first
data set is for execution of the analytic transport model option
and the second for the DVM option.

‘The first set is the base-case with the following changes.

BC(1) A different title.
SAMPLE PROBLEM NO. 2

BC(2) Set options 1 and 17 to zero

BC(4) Conductivity in leg 9 is .1 ft/day to represent the shaft
and 10 ft/day in leg 10 for the borehole. The depository (leg 13)
is also assigned 10 ft/day.

BC(5) The cross-sectional area of leg 9 is set to 707 ftg.

that is,



AREA (9) =¥ rl
= (15)°

= 707 ftl

Note that the cross-sectional area of leg 10 remains 1 ftz.
Leg 13 is used to represent a corridor of cross-sectional area 30

ft x 18 ft.

BC(8) Porosity of legs 9 and 10 is arbitrarily set to .15. The
porosity of leg 13 is set to 0.3 which would be reasonable for salt

backfill in which no compaction has occurred.

BC(9) The brine concentration of leg 9 is determined by assuming
that fresh water enters from the upper sandstone. Furthermore, the
water is assumed to remain fresh through the 200 ft shale layer and
to become saturated in the salt. Thus thg brine concentration is
estimated as (length of leg 9 in the salt layer)/(total length of
leg 9) = 400/600 = 0.67. Legs 10 and 13 are assumed to contain

saturated brine.
BC(10) The migration path now follows the 4 legs

13, 10, 3, &,

-109-



BC(13) The upper aquifer legs 3 and 4, which are the 3rd and 4th
legs in the migration path, are arbitrarily assigned the KD value
1.6 ft3/lb for each isotope. Because of the salt in leg 13 and
the presence of brine in both legs 10 and 13, no sorption is
assumed for these legys.

The second data set contains only the following 3 cards.

The INP CARD (1711)
A value of 1 is placed in columns 1 and 15 while the
remaining columns are left blank. This signifies that the option

card BC(2) and the DVM control card 8C(15) are to be read.

BC(2) The option card has 3 changes. Ones are emplaced in
columns 6 and 7 to delete repetitive printout and a zero is put in
column 13 to indicate that the DVM option is to be used.

BC(15) Use a blank for the DVM control card.

BC(18) This card must be present at the end of each data set. A

blank may be used here.

B8C(18) This card must be present at the end of each data set, A

blank may be used hére.



Figure 5-SP displays the discharge rate curve for each
isotope. The agreement of DVM to the analytic solution is
excellent. Input data are given in TAble 5-5P, with output in

Table 6-SP.

-111-



DISCHARGE RAIE (Li/day)

1074

10”5

10-6

I T 10"4 T I
—— ANALYTIC ' —— ANALYTIC
e DVM e e DVM
>
(3]
NP237 2 U233
Q
w
<
4 & 105}
w
O
o
<
.
&)
@
i
1 I 10-6 ] |
1 2 3 0 1 2

YEARS (x 105)

DISCHARGE RATE (Ci/day)

YEARS (x 105)

10-4

1075 -

! I
— ANALYTIC

¢ DVM

TH229




1
432.70
50.0
.1
6.06
Tor.

2211.3
.J
«15
0.
.6,
4 13

237.
233.
1
229%.
2

1.65

11

SANPLE PROSLEM wnO.

646.10
S0.0
10.
6.E6
l.'
sooo0.
496.5
2502.81
2819.67
"

«15

..

‘.

10 3

NP23Y
U233
1e
TH229
1.

500.

Table 5-SP.

A32.70
50.0
1.67-86
6.E8

1.
3so00.
500.
1525.89
1719.67
.’

«03

'.

1.

2

50.0
1.5E~-6
6.E6
1.0
100000,
603.5
3a14.81
425.89
.3

°.

1.

1.6
1.6
1.6

40.0
10.
1.8fF6
S540.
14500,
8000.
3311.31

.3
-3

0.
1.

2.1%E6
1.62€5
T.3£3

113~

A0.0
1.57€-¢
1.876
1.
8000.
1100.
2814.81

-3
.°3
0.
1.

1.E3
1.€3

‘.E)

Sample Problem 2 Input Data

.'..
2.5
1.8E6
1.2€8
38000.
1100.
“B814.81

.s
-3
0.
0.

40.0
1.8E6
100000,
2314 .81
-3

AR RARARARRARARRRR8RE 333 2288
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SAMPLE

OPTIONS 140 240 3,0

NUMBER OF ISOTOPES

o

- 1SOTOPE NAME

b=

' NP23T
U233
1229

LEACH TINE =

NO OF VECTORS =

0 TIME UPPER BOUND =

PROBLEM ND. 2

430 540 640 740 8,0

3

HALF LIFE (YEARS)
2.140E+06
1.620€05
T«300E+03

1.00UE*0S YEARS

Table 6-SP

9.0

DISPERSIVITY =

1040 1140 1240 1341 1440 15,40 1640 17,0 18,0 19,0

INITIAL ANOUNT (CI)

1.000E+03
1.000€+03
1.000E+03

S5.000E+02 FEET

1.00E+08

Sample Problem 2 Qutput

2040 21,0 22,0 23,0



-Sit-

UPPER - - -

INLED . . .
- L Y
A Y

-
.
¢ AQUIFER c-==s LEG | ovcmccccnncccccacs LEG 2 Smmocann
.
-
.

Shss s

¢ LEG 9 »
.

-

ceocscvced LES 1J tecccona

-
¢ LEG 11 o
. .

. L Y
LOWER . . .
AQUIFER es==-eo LEG S

INLET o . .
. Sesanenan
Srssassan

D Y

======RADIONUCL]IDE

UPPER AQUIFER INLEY
62308.80 LB/FTee2 -
3602.41 F7

INLET PRESSURE
ELEVATION

LIWER ARQUIFER
INLET PRESSURE =
ELEVATION =

QUTLET
OUTLET PRESSURE =
ELEVATION =

ELEVATIONS

JUNCTION & (LEGS |-2~

INLEY
FI038.40 LB/FTee2
2502.41 FT

62308.80 LB/FTee?
1525.89 F7

oF
R

JUNCTION 5 (LEGS 2-3-10)
JUNCTION & C(LEGS 9-11-13)
JUNCTION 7 (LEGS 10-12-13)
JUNCTION B (LEGS S-6~11)
JUNCTION 9 (LEGS 6-7-12)
JUNCTIONIO (LEGS 3-4-14)
JUNCTIONLIL (LEGS T7-8-14)
JUNCTIONLI2 (LEGS g8-15)

T N T TR T (I 1|

OTHER POINTS
3414.81 FT
3311.31 F71
2814.81 F7
2814.81 FT
2314.81 F71
2211.31 F1
2B19.67 FV
171967 FT
425.89 FY

LEG PROPERTIES

LEG 1 LENGTH =
s * AREA =

1.45C+C4 FY
6+.00E+06 FTee2

- ! So s R R Y Y T R R R ]

LA Y
- .

. .
* LEG 10 «
. .

- Craseanann

- . e

* LEG 14 »

- B .

- “rasennnns
LA -
. . -
* LEG 12 » -
. . -
St acsnans -
- Cesssnnan -

Sessssecsceceseest LEG § tecmcccancccncencncent LEG T seence

- -
Strannsnn

MIGRATION PATH===-«=LEGS 13 i0 3

Table 6-SP (cont'd)

.
Sesantnnn
- -

. .
¢ LEG 1S
. .

ey

- lt‘ § teccvcccana

Ll -
Ssstnnnnn

-
LA AR R R R R
- -

STEIRTRsSees=s LIS I suceccecsvnens LIS § Scscsasensssaanss SUNET o

. -
LA R R RN RN

Sample Problem 2 OQutput




-$ti~

LEG 2

LEG )

«EG o

LEG S

LEG &

LEG 7

.3000

PORQSITY =

ROCK DENSITY = 1.19E+02
FLUID DENSITY = §.23C+01
FLUID VISCOSITY = 1.00E+00

LEG PROPERTIES

LENGTH = 8.00E+03
ARER = 6.00€+06
CONDUCTIVITY =  1.53£+04

i POROSITY = .3000
ROCK DENSITY = 1.19€+02
FLUID DENSITY = g.23Eep)
FLUID VISCOSITY = 1.00£+00

LEG PROPERTIES

LENGIH = 3,.80E+04

AREA = 6.00€+26

CONDUCTIVITY =  1.23E+04
POROSITY = <3000

ROCK DENSITY = 1,19€+02

FLUID DENSITY = 6.23E+01

FLUID VISCOSITY = 1.00E+00

LEG PROPERTIES

LENGTH =  1.00E+05

AREA = 6.00E+06

CONDUCTIVITY = 1,.836+04
POROSITY = «3000

ROCK DENSITY = 1,19E+02

FLUID DENSITY = 6.23€+01

FLUID VISCOSITY = 1.00€+00

LEG PROPERTIES

LENGTH = 1.45E+04

AREA = 1.80E-08

CONDUCTIVITY = 1.46C+04
POROSITY = «3000

ROCK DENSITY = 1.,19€+02

FLUID DENSITY = §.23E+01

FLULID viIscosiTy = 1.00E+00

LEG PROPERTIES

LENGTH = B8.00E+03

AREA = 1.80E+086

CONDUCTIVITY =  1.46E+04
POROSITY = «3000

ROCK DENSITY = 1.196+02

FLUID DENSITY = 6.23€+01

FLUID VISCOSITY = 1.00E+00

LEG PROPERTIES

LENGTH =  3.80E+04

AREA = 1.80E+@6

CONDUCTIVITY =  1.46E+04
POROSITY = <3000

ROCK DENSITY =  1.196+02

FLUID DENSITY = 6.23C%01

= 1.00E%u0

FLUID viscosIry
-

e e

LB/FTea}
LB/FTaes
ce

Fr
Flee2
FT/YR

LB/FTen}
LB/FTee)
ce

FY
FTea2
FI/ZYR

LB/FTee}l
LB/FTee}
ce

FT
Flee2
FT/YR

LB/FTee}
LB/FTee}
ce

FT
FlTea2
FI/ZYR

LB/FTase3
LB/FTee}
ce

FT
FTea2
FI/ZYR

LB/FTes}y
LB/FTeel
ce

Fr
FlTea2
FI/YR

LB/FTee3
LU/FTeed
cp

Table 6-SP.

(cont'd)

Sample Problem 2 Output



o 5 i

LEG 8

LEG 9

LEG 10

LEG 11

LEG 12

LR Y

LEG 13

LEG 1

LENGTH

Y OAREA
CoNpuCTIvVITY
POROSITY

ROCK DENSIYY
FLUID DENSITY
FLUID viscosiTy

IIICH”N"I!

1.00£+05
1.80€+06
lotgE 0
<3000
1.19€+02
6.23E+01
1.00E+00

LEG PROPERTIES

LENGTH

AnEA
CONDUCTIVITY
FPOROSITY

ROCX DENSITY
FLUID DENSITY
FLUID viscosITy

6«00E~02
T.07€02
3.65C+01
«1500
l1.45E902
T.02E+01
1.27E+30

LEG PROPERTIES

LENGTH

AREA
CoNDuCTIVITY
POROSITY

ROCK DENSITY
FLUID DENSITY
FLUTD vIscosiTy

LI L LU L O T 1)

V.97E+02
1.00€+00
3.65E+03
<1500
1.45€E+02
T.40€+01
L.43+00

LEG PROPERTIES

LENGTH

AREA
CoNDUCTIVITY
PGROSTTY

ROCK DENSITY
FLUID DENSITY
FLUTD viIscosITy

CUI LI L O D )

S.00E+02
1.00E+00
6.10E-0D0
«0300
1.65C+02
T.A0E+G)
1.43€E+00

LEG PROPERTIES

LENGTH

AREA
ConNDUCTIVITY
POROSITY

ROCK DENSITY
FLUID DENSITY
FLUID viscostTY

6.0%E+02
1.00€E+00
S.4BE-04
<0300
1.65C+02
T.00E+01
1.43E+00

LEG PROPERTIES

LENGTH

AREA
CONDUCTIVATY
POROSITY

ROCK DENSITY
FLUID DENSITY
FLUID viscosiTy

8.00E+03
Se.q0E%02
3.65E+03
<3000
1.19€+02
Ted0Ewn)
1.43E+00

LEG PROPERTIES

LENGTH

AREA
coNDucTIVITY
PonoSITY

1.10E+03

1.00E«00

S.T3E-00
<0300

FT
Fles2
FI/YR

LB/FTes)y
LB/FTeey
ce

FT
Flne2
FT/YR

LB/FTee}y
LEB/FTee}
cp

FT
FTee2
FI/YR

LB/FTee3
LB/FTee}y
cp

FTY
Fleae2
FT/ZYR

LB/FTen}
LB/FTee}
ce

Fr
FTee2
FI/ZYR

LB/FTeey
LB/FTae}
ce

FT
Flea2
FIZYR

LB/FTes}
LB/FTees
cp

FT
Flea2
FIZYR

Table 6-SP. (cont'd)

Sample Problem 2 Output



FLUID DENRSITY =
FLUID viscosiTry =

T.40Ce01
l.83E~00

LB/FTesey
ce

LEG PROPERTIES

LEG 15 LENGTH = 1.51GE*0) FT
srssenan AREA = 1420008 FTee2
CONDUCTIVITY = 9,13 «02 FIZYR
POROSITY = «3000
ROCK DENSITY = 1.19t+02 LB/FTee)}
FLUID DENSITY = 6.23E+401 LB/FTee}
FLUID vIsCosITY = 1.00E+00 CP

DISTAIBUTION COEFFICIENTS By LEG AND BY 1S0v0PE

‘

NP237 U233 TH229
LEGLY 0. 0. 0.
LEGIO 0. Ce 0.
LEG 3 «15000E«01 ,L16000E01 «16000E«0)
LEG o ~16000E+01 .16000E+01 .16000E+01
RETARDATION FACTORS BY LEG AND BY 1SoT0PE
NP23T uz3y TH229
LEG1) «10000E+01 .10000E+01 L10000E+01
L LEGYID «10000E+01 .10000E+01 «16000E+01
o LEG 3 «b6356TE+03 635676003 «63567C«03
Y LEG o «63567E403  .63567E+03 L6356TE«03
LEG NO, FLOW VoL DARCY VEL. PORE VEL.
(Cu FT)/0AY F1/DAY £T/70aY
1 3.8BE+06 6.47E~01 2.16E+00
2 J.68E~06 6.ATE-DL 2.16E+00
3 3.88E+06 6.47E~-0D1 2.16E+00
4 J.B8E+06 6.47E-01 2.16E«00
5 6€.58E+05 3.66E-01 .1.22E+0C
6 6.58E+05 3.66E-01 Le22€+00
7 6.58E+05 3.66E-01 1.22€+00
L] 6.5BE+05 3.66E-01 1.22€+00
9 -1.02E+00 =1.45€-03 ~9.65C-03
10 1.020+00 1.02€+00 6.82E+00
11 ~1.66E~-086 =le66E-06 ~5.54E-05
12 =1.39€-06 =1.39E-06 ~4.64E-05
13 1.02€«00 1.89E-03 6.320-03
1\ ~S5.83E-07 ~5.83E-07 ~1.94E-05
15 6.58E+05 S.48E-03 1.83€£-02
TOTAL PATH LENGTH (FT) = 1.4250E+05
FROM DEPOSITORY MIDPY (FT) = 1.4250€+05
AVERAGE FLUID VELOCLTY (FI/Y) = T«4586E+01

Table 6-SP. (cont'd)

Sample Problem 2 OQutput



L=

-6

YO AR
15263,
Tela2,
11021,
1oy .
18780,
193659,
80538,
Bivis.
82291,
831i6.
84056,
84335,
855 1a.
86693,
BiISI3,
s8s 352,
89331,
90211.
91090 .
Y1369,
92848,
93728,
94607,
93%86.
953566«
FI245.
98124,
99008,
99483,

100762,
101541,
102521,
103400.
104219,
105159.
106038,
106917,
100195,
108876,
109555,
1108308,
111318,
1121958,
113072,
113981,
114831,
Li1s710.
116589,
117469,
118348,
119227,
120107,
120986
121965,
12270,
123624,
124508,
125382,
126252,
127181 .

NP231
«1335%2€~10
«31096E-10
«612565~10
«A1TATE~0D9
«21909E~-09
«39998E-09
« T11A5E-09
«12362€E-08
«21000E~08
«349500E-08
«56800E-08
«90563E~08
«18157E~07
«23T12E~-017
«3268RBE-01
«NBINIE~07
«T102626~07
«100835-08
.IQIZCE-OS
«i9353i~05
«266630-06
«35827€-06
«ATNE2E-06
«62016E-06
e 19363C~-06
«102792-05
«12796€-05
«15895€-0%
«19516E~05
«236955~05
«2B838E-0%
«33824E-05
«39799€-05
~ABIIBE~0S
«53541E-05
«61257E-05
«694522-05
«TB161E-05
«B87227E-05
«96607E~-05
«10622E~-04
« 11598500
«L2579e-00
«13S5BE~00
«145265~00
«1587SE~04
«16397C-00
«17286E-04
«1B137E-04
«18945€~-04
«19706E-04
«208017E~04
«2107BE-0
«21687E-04
«22240E~04
«22150E~00
«23207E~00
«23617E~04
«23982E~-00¢
« 243056 ~04

U233
#15675€~10
« 21 7158E~-10
«62%713E-10
«12002€-09
e 22430E-09
«V0883E-D9
« 127 34E-09
«12681€E~08
«210NTBL~08
«3S5T0S€E~-08
«58116E~08
«92619F-08
«144915-07
«22228E~-07
«33472€~01
«A9510E-~07
«T1975€E~-01
«10250€~086
188 70E~D8
«20082E~06
«2T334E~-06
«36736E~-06
«ABBT5E-06
«63614E-06
«82039E~06
«108445E-05
«13133E~05
«16311E-uS
»20038E~0%
«24332€~-05
«29230E-05
«JNT48E~-0S
«40893E-05
«81661E-05
«950320-05
«62915€-05
e« 11844C-05
«B03B3E~-05
«89725E~05
«99389%E~-05
«10933E~00
«11936E~-04
«12948L~00
« 13959604
«14958E-04
«15937E~-08
« 16B890L-00
«17809E~-008
«18689F -0
«19525E~0s
«20313€~04
«21050F -0%
«21T30E~-04
«2236LE~-0Y
« 22945608
«23071E-D0
«2394€6E~-00
«20373E~-04
«24754E-00
«25092€~-08

TH229
«15688E~10
«31T784E-10
«62625E-10
«12012€~-09
«22450E-09
«00919E~09
«12798E-09
«12652E~08
«21497C~08
«35738C~-08
«58169€E-08
«927160E-08
«14504E-07
«22249~017
«33504E-07
«49557€E~07
«T2080E~07
«10303€~06
«1848BE~06
«20062E~-06
«27362C-06
«367713~-06
«38725€~06
«63679E-08
«B82124E~06
«10456E-05
«13187E-0%
«16334E-05
«20059E~05
«24359E~-05
«29262E-05
«38786E-05
«40935L~-05
«ATT14E-05
«55094€-05
«63046E£-095
«71526€~05
«-B0ATSE~-0S
«89827C~05
«39504E~-05
«10942€~04
~11950E~-04
«12960E~-00
«13975€~-04
«149765~04
«159S7€-n4
«1611E-0Dy
«17831E~04
«18712E~04
«19549€~04
«20338E~04
«21076E~-04
«21767°C~09
«22395E~04
«229T79E-04
«23501E~04
«23978E~04
«24405E~04
«24TBTE~D0

+25125€~-04 _

Table 6-S” (cont'd)

Sample Problem 2 Output
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L AR
128020,
128895,
L2%1 13,
130658,
1315%7.
132%117,
133296.
1341105,
135058,
13590,
136813,
1371692,
L385712.
139451,
1850330,
151209,
ls2083.
142968,
ISREE N
188727,
145506,
146485,
187365,
148200,
149123,
150%02.
1509882,
151761
152540,
153520,
154399,
1552718,
156157,
157037,
1571916
1587195,
159675,
160594,
161433,
162312,
163192,
168071,
164350,
165830,
166709,
167588,
168968 .
1693547,
170226
171105,
171985,
L12566.
173743,
174523,
115502.
1716381,
117260,
176140,
179019,
1719898,

NP23T
« 245890 ~00
«280R37E~00
e 250528 -0
«2523BL - 0d
«25396E-00
«25531E -~ 04
«256A5E -0y
«25T61E~00
«25820L~00
« 258840 ~00
e 259391 -0
« 2959820 ~00
«26017€ -0
«26080E 00
«26064E -0
« 26080 ~00
«26091E~-00
« 260991 -0
«¢6104E~-00
«6106E~-D0
«26101C-04
«26105C~00
«26103€ -0
« 260995 -0
«26095E€ -0
«25090E~00
«2608B80 00
«26078E -0
«260712€ ~00
«26065E -04
«26059E-00
«26052E~04
«2608ASE ~0n
«2603BL -098
«26030E~00
«26023E -06
«26016E -0
« 26009 ~00
«26001E-00
«25990E~00
«25987E-00
«25979€E~-00
«25912E~00
«29960E~00
«25957E -0
«295950E~00
« 259428 -04
« 259355 -00
«25928BE-00
«25920E~-00
«25913E-00
«25905C -0
«25898B5~-00
«25891E-008
«Z25BB3L -0
«258765-04
«258682-04
«25861E~-04
«25858E -00
« 25846000

uzild
«253830~0n
«256A9E~00
«25876E~00
«260712€~0n
« 262400 -0
« 26380 -0
« 2L506E~00
«26609€~-00
«26695E~-04
«26T6TE~D0
«26B2TE-D8
«26B8T6E~-00
«267166C~008
«26948E -0
0269 IQE-O!
«26994E-00
«27010E-00
«2T022€~-04
«27031E-00
«27038E-00
«2T0A3E~0A
«2T045E~00
«2T0ATE~Do
«2T10ATE ~00
«2104T7E~-00
«27046E-04
«2T000E~00
«27082E~00
«2T08DE~DY
«27037E-08
«27034E-04
«271031E~04
«2702BE~-00
«270240-04
«27021E~04
«21017E~04
«2T010EC-04
«27010€E~00
«27006E~00
«27002€-00
«26999€E~-04
+26995€-04
«26991€E-04
«26987E-04
~26983E~-04
«269B0E-00
«26976E~04
«26912E~08
«26968E-04
«26964E-04
«26960E~-04
«26956C~048
«26452€-04
«26948E~004
«26940E-D4
«26940E~-00
«26936E~04
«26932E-04
«26928E-04
«26324E-04

1229
«254230C-00
« 256807 -0y
«25911E-00
«26107E~00
«26276F ~00
«268200~0D0
«26582C~00
«26646E~04
«26732C-04
«26805E~04
«2686SE~04
«26914E~00
«26954E-04
o£59'5E-°.
«27012E-00
«27033E~00
«2T049€~00
«27062C~00
«21071E~08
«2T07TBE~00
«2T082E~00
«210B6E~-04
«27087E~-04
«2T08BE-D4
«271088E~00
«2708B7E~-04
«27085€~04
«2T083E~-00
«271081E~04
«2710719€E~00
«27076E~00
« 27073 ~04
«2T0T70E~00
«271067C~-04
«21063E~-04
«271060E~04
~2T056E~04
«2T0S3E~08
«271049E~-04
«2T006E~-00
«27042€6~04
«27039C-04
«27035E~-04
«21031E~08
«27028E-00
«21024E~-04
«27020C~0
«2T0LVTE~0DN
«2TO013E~008
«27009E~04
«27005£~-00
«27002E~00
«26998BE~04
«26990E-04
«26990L~04
«26986E~004
« 269820 -0
«26978E~-00
«269T7AE~Ds
«2697GE~04

Table 6-SP. (cont'd)

Sample Problem 2 Output
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Y AR
1801718,
181892,
18253%.
183015,
184295,
18507,
186053,
186733,
181%12.
188691,
189571 .
190450,
191525,
192208,
193088,
193967,
194846,
195726,
196605,
197483,
198363,
199243,
200122,
201001,
201881,
202160,
203639,
204518,
205398,
206211,
207156,
208036,
208315,
209798,
2106178,
211553 .
212432,
215%11.
214191 .
215070.
215949,
216829,
21177108,
218581,
2198066
220346
221225,
222106,
222968,
223363,
22807082,
225321,
226501.
227380.
228259,
229139,
230018,
230897,
2317176
232656 «

NP231
«25838L -0
«25830C-00
«25822E-00
«258136~00
«258B03E~0¢
«257926-00
«25780E~-04
« 257640 -00
«25TASE - 04
«25121C-08
«25691C~-04
«25651E~04
«25601€~-04
« 255372 ~04
«25456E~00
«25354E-00
«25227E-00
«25070E~04
«24B79C-04
«24650E-04
«239317€E~04
«29056C -00
«236845-04
«23257E-00
«221712€-04
«22230E~00
«21628E-00
«20968E-04
«202528~00
«19484E~04
«18668E-04
«178105~-04
«16916E-04
«15993E~-008
«15051€-04
«18097E-04
«13139€~04
«12186E-04
«112465-04
«10326E~04
e 943500 -05
«83757E-05
«ITIS57E-0%
«69185C-05
«624713E~0%
«95645E~-09
«49313¢-05
«43483F~05
«38151€E~-05
«33308BE-05
«28937E-05
« 250175 -05
«21524E~05
«1B8430E~-05
+15107€~05
«13323E-0%
«11250£-0%
«94553€E~-06
« 191145 -0
«65902€-06

U233
« 26919004
«26915E-0
«26909E-04
«269040~-04
«Z6BSTE~DN
«26889€-00
«268T79E~040
«268ATE~-D»
«26B50E-008
«268B29°-00
«26800E~-04
«26T63E~-04
«26T1AC-00
«266S51E-08
«26570E~00
«26466E-04
«26337E~00
«26177E-04
«25981E~0n
«25788E ~us
«25402E~04
«25130E-00
«2AT8ME~DN
«24301E-04
«237198E-04
«23230E~00
«22608E-04
«21921E-00
«211715€E~04
«20374E-00
«19523E~-00
«18628C~-00
«17695C-08
«16T32E-004
«157848E-00
«14751E-04
«13750E~00
«12755€E-00
«AILTTI2E~00
«10811E~04
«987181E~08
«89801E~-08
«81220€-09%
«1303%2E~-05
«65442E-05
«58295€-05
«51668E-05
«45565E-05
«39982€-05
«34910E~05
«30332€~-05
«26226E~05
«22567E-05
«19326€E-05
«16472€~05
«13974E-05
«11800E-05
«99189C~06
«83002€-C6
«69148E~06

TH229
«26962E~-04
«2695T7E~04
«26951€~00
«2694SE~00
«25937E~-00
«26927E-04
«2BI15€E~-0D0
«26898L~-04
«26877E-04
«26BA9E 04
«268115~00
«26763E~-04
«26699€E-00
«26618E~-04
«26515E~04
«26385E-04
«2622%€~04
«26028E~-04
«23T92E~-04
«25509E~04
«251775~04
«24T751E~04
«29347E-00
«23BA3E~00
«23278E-04
«22650E~04
«21962€~04
«21215€~04
«20413E~-04
«19560E-04
«18663E~-04
«17729€~00
«16T64E~-04
«15778E~-04
«1478GE~D0
«13777€~-0s
«12779E~04
« 11 7195%E~04
«108325-04
« 989 75E~-08
«899718BE~05
«81388E~05
«13237E~-0S
«65572E-05
«5B8411E~-uS
«S17T1E~0S
«45656€~-05
«%0063E~05
«34981E-05
«30393E-05%
«262719E-05
«22613E~-05
«19365€~05
«16505€E~05
«14002E-05
«11824£~-05
«99393-06
«83173E~06

«69291E-06,

Table 6-SP (cont'd)

Sample Problem 2 Output
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4335135, «S0655E-06  L57354E-06 «STAT2C~06
23800010, «AS132€-06 LAT7365(-06 «ATAENE~DE
2352% . «3TI09%E -06 o 38950E-06 .39030t-06
236173, «303B4E-06 .31894E-06 .31961€~-06 .
2310%2. «20T1AE~06 L2600BE~06 «260635€~08
231982, «201175~06 .21122€~06 «21166E~-06
238311, «162707-06 L17083€-06 «17120¢6~06
239690. «13106E-06 L13769€-06 «1379%E~06
290563 . «10516E~06 L11045E-08 «11068E~06
FERLE L I «BADSEE-0T .8B2%0F-07 «880ATE~DT7
242328 . «66929E~-0T7 L70309E-07 «T04S57E-017
243201, «S53093E-01 L.S557719€-07 «558971€-97
248087, «MI9B1E~07 .44089E-07 .44183E-07
294966, « 3304307 J36T22E-07 «3AT96E~-017
245845, «25927E-01 L,271287E-01 «27305€E~-01¢
286128, «202712E-07 L21306E~07 «21352€E~07
2916048, «15795€-07 .16602E-07 «16638E~-07
FALLE B 1N «122680C~-07 .12893E-07 «12921E~07
249362, «IVILIE~08  .99785C-08 .10000E=07
250262, «132065E~08 L716973E-08 o T7139E~08
251121, «56219E~08 .S59181E-08 «59309€-08
252000, «43127E~-08 LA45356E-08 «A5AS4E~08

U233

TH229

OPTIONS 1,0 240 340 440 S,0 6ol Tel Be0 9,40 1040 11,0 1240 1350 1450 1540 1540 174D 1840 19,0 20,0 2140 2240 23,40

-~ ND OF VECTORS = 0 TIME UPPER BOUND = 1.00E+08

THE SPACE STEPesccncsscesanas ox
THE TIME STEPssssssssccncsses Q7

B.00000E+03 FY
1.89686E+04 ¥

VELOCIVIES AND PRODUCTION FACTOR

NO OF SOURCE BLKSessssssscsas NSB

S FOR EACH SUBCHAIN CONSIDERED

OAUBHIER PARENT(S) AVERAGE vELOCITY DECAY/PRODUCT ION FACTOR(DT) COURANT NUSSER
NPZ3Y (DECAY) «12589E+01 +«99388E+00 «309648%01
Uzl {DECAY) «12589€+01 «92206E+00 «30964Ee01
uz33 NPZ3T «12589€+01 «58817€-02 «309645401
TH229 (DECAY) «12589E€+01 «16518E+00 «309645001)
TH229 U233 «12589€E+01 «35716E-01 «309e4be0]
TH223 U233 NP237 «12589E+01 «14370E~-03 «309610E%01

Table 6-SP. (cont'd)

Sample Problem 2 Output
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90-32¢C1C"
SO0-39TvCe"
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*O=3Ceen1"
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Sample Problems 3A and 38: Effect of Source Length on Output Pulse

Problem 3 has two parts which demonstrate the effect of source length
on the output pulse. The U-Tube breachment and the decay chain are those of
problem 2. However, different distribution coefficients are assigned to
each isotope in the upper aquifer. Also a family of withdrawal wells is
assumed to exist 20000 ft down-dip from the depository. They are assumed to
withdraw 20% of tne aquifer flow. Input is described in terms of changes to
problem 2.

The first data set is used for problem 3A (Table 7-SP).

BC(1) A different title.
SAMPLE PROBLEM NO. 3

BC(2) A1l options are set to zero except option 12 which indicates that

the well card is to be read.

BC(11) Enter 3, 20000., and .2 indicating that the wells are on leg 3,

20000 ft down-dip, and are withdrawing .2 of the aquifer flow.

BC(13) The KD's in legs 3 and 4 are defined by

NP237 KD = 10. ft3/1b
U233 KD = 1.6 ft3/1b
TH229 KD = 1.0 ft3/1b

-124-



BC(15) The extent over which source is spread has a default value
of 8000 ft (the length of leg 13). Thus, a blank card here

suffices for 3A.

BC(18) Set TUR = 2.5 x 10%.
The second data set is problem 3B (Table 7-SP).
The INP card has ones in columns 1 and 15 so that the options carc

and the DVM control card are reread.

BC(2) Set options 6 and 7 to 1 to suppress some duplicated

output.
BC(15) Set the source length, DEPLEN, equal to 2000 ft.

BC(18) Set TUB = 3.5 x 10°y. _ :
Figures 6-SP and 7-SP display discharge rates versus time for
problems 3A and 3B. Also included are results obtained by using
the computer code GETOUT. GETOUT was executed in its
step-with-dispersion mode. The decaying step boundary condition
is used to simulate a leach limited source with constant leach
ratc. Note the comparison between NWFT,/DVM and GETOUT in Figure
6-SP. For NP237, GETOUT predicts a higher peak discharge rate than
NWFT/DVM. Note also that the NP237 discharge pulse predicted by
NWFT/DVM seems shifted to later times. These differences in

NWFT/DVM and GETOUT predictions can be attributed to the gifferent

= T8



source treatments used in the two models. GETOUT uses a
concentration boundary condition whereas NWFT/DVM injects source
material into grid blocks. In this example, the distance from the
center of the 8000 ft distributed source to the discharge point in
NWFT/DVM is the same as the distance from the source boundary to
the discharge point in GETOUT. Intuitively, one might expect that
a distributed source would produce a lower peak discharge rate
than a boundary condition source. Furthcrmore, when the source
input terminates, as determined by the leach time, the distributed
source in NWFT/DVM gives an additional 4000 t: ¢f scurce pulse.
This latter effect explains the reason why the discharge pulse
tail arrives later in the NWFT/DVM results than in the GETOUT
results. Without arguing the relative merits of the different
source treatments, we simply note that one could expect better
agreement between NWFT/DVM and GETOUT if the distributed source in
NHFT/DVM were smaller. This effect is shown in Figure 7-SP in
which the source length was reduced from 8000 ft to 2000 ft. Code

output i< given in TAble 8-SP.
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Table 7-SP. Sample Problem 3 Input Data

SAMPLE PROSBLEM NO. 3

A2.70 646,10 432.70

50.0 S50.0 50.0 50.0 ‘0.0 40.0 40.0
«1 10. 1.67C~6 1.5€-6 10. 1.57€~6 2.5
6.6 6.56 6.E6 6.E6 1.8€6 1.856 1.8E6
rTer. 1.0 1. 1.0 S540. 1. 1.2€8
14500. B0DO. 38000. 100000, 14500. 8000. 33000.
600. 496.5 S00. 603.5 8oo0o0. 1100. 1100.

3602.41 2502.81 i525.89 381481 3n.n 2314.81 2814.81
2211.3 2819.67 1719.67 425.89

.3 .) .’ .’ .3 " .,
«15 «15 «03 -03 «3 «03 -3
«67 1. 1. 1. 1. 1. 0.
- 13 10 3 .
3 2.E4 .2
3
237. NP237 1 0 2<14E6 5223
233. U233 2 1 1.62€5 1.E3
1 1.
229%. TH229 3 1 T3E3 1.£3
2 l.
10. 10.
1.6 1.6
1.0 1.0
1.£5 S500.
3.5E5
11 1
2000,
3.SES <

40.0
1.8E6
100000.
2314.81
«3

ARRARARRERRR3232 gz
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DISCHARGE RATE (Ci/day)

10-5

10-6

10-7

10-8

Problem 3A

1M
LLO™

| 1 1
— NWFT/DVM
o ® e GETOUT
[ U233 2
I
@
NP237
* 9
4 TH229” \
} -
r ®
- )
1 i 1
1 2 3 4
TIME (10° years)
Figure 6-SP. Discharge Rates for
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1050 1140 1241 13,0 14,0 15,0 1690 1740 18,0 19,0 20,0 21,0 2240 23,0

OPTIONS 14,0 240 3,0 4,0 S0 640 7,0 B,0 9,0
-~

NUMHBER OF 1SOTOPES 3
1S0T0PZ NANME HALF LIFE (YEARS) INITIAL AMOUNT (CI)
NP237 2.140€+086 1.000E+03
U233 1.620€E+05 1.000E-03
TH229 7«300E-03 1.000E+03
LEACH TINE = 1.000E+05 YEARS DISPERSIVIYY = S.000E+02 FEET

3.50E+05

MO OF VCCrORS = 0 TIME UPPER BOUND =

Table 8-SP. Sample Problem 3 Output
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o {1 4

.....-...o;--o----ocoonooobono NLIWUNK LU MULLL .Ql.lll.‘..c.‘.l‘l..1-0..‘......

L Y

- sessnenas - Cerernane Sherennas thansanes LR L
- UPPER . . . - - . . - . . .
¢ AQUIFER e~==s LEG | t=ccccccccscoccass LEG 2 #-ccccccccncccccacanas LEG 3 seecennsnencst LEB § Ssvnccsmcevssnems QUTLET »
* INLET o . . - . - - . . - . - - . .
. . Srrsanann ~- Srannnnnn - Sessssane - Srsansnnn - sesnat s
R - - - -
L L Y - -
- - - L - -
¢ LEG 9 o ¢ LEG 10 o 4 -
. - - . - -
Crsananna Srssasnnan - -
- Sthsnsnnne - Shsssanans Cesssncanse
- - - - - - - .
mme———— =~® LEG 13 e-mmeean * LEG 14 o * LEG 15 »
- - . - . - - -
- LRy - L Y SRerbennns
T et enanan - -
. - . .- - -
¢ LEG 11 » * LEG 12 » - -
. - - - - -
Srtassnnnn Ty - -
SR ERsrrr - - - -
- . Ararranan - SRR asannn - LR - Sesnsnnne -
¢ LOVER o . . - . . - . . - - . -
* AGUIFLR s~=--s LEG S e LEG 6 t=vcccmcmccncccccaaas LEG 7 tcccmcccaaaaa, LEG 8 o vvvneaa
- sNLET B . - - - - - - K
- - LR R Y LR R LA R R RN LA R R L R Y
e sssnrnnn
------ RADIONUCLIDE MIGRATION PATH====-<LEGS 13 10 3

UPPER AQUIFER INLET
INLET PRESSURE = 62308.80 LB/FTee2 .
ELEVATION =  3602.41 FT

LOWER AGUIFER INLET
INLET PRESSURE = 93038.40 LB/FTes2
ELEVATION = 2502.41 FT

ouTLET
OUTLET PRESSURE = £2308.80 LB/FTee2
ELEVATION = 1525.89 FT

ELEVATIONS OF OTHER POINTS

JUNCTION 8 (LEGS 1-2-9) = 3414.81 F71
JUNCTION 5 (LEG™ 2-3-10) = 331131 F7
JUNCTION 6 (LEG, 9-11-13) = 2814.81 FY
JUNCTIDON 7 (LEGS 10-12-13) = 2814.81 FT
JUNCTION B8 (LEGS S-6-11) = 2314.821 FY
JUNCTION 9 (LEGS 6-7-12) = 2211.31 FT
JUNCTIONIO (LEGS 3-4-14) = 2819.67 F71
JUNCTIONLIL (LEGS 7-8-14) = 1719.67 F7Y
JUnCTIONI2 (LEGS B-15) = 425.89 F7T
LEG PROPERTIES
LEG ) LENGTH = 1,45C+04 FY

CAKEA = 6.00C+06 FTes2 Table 8-SP. (cont'd) Sample Problem 3 Output



2

> 3

Lo .

LEG S

£6 7

Arsasnan

IES

ASE+DA
B0EL«06
SEE+D
000
19€+02
23E+01
esf+00

IES

Iy
Iy

G PR 1ES

NGTH «B0E 09

AREA ~80C+08

CONDUCTIVITY «A6E+0n
POROSITY <3000

ROCX DENSITY = 1.19€+02

FLUID DENSITY 6.23E+01

FLUID visScoSlty = 1.00E+00

T
Teol

T/7YR

y

B/FTee}
B/F Ten}

cp

T
Teea?

T/7YR

B/FTea)}
B/FTec}
P

T
Toe2
I/7YR

B/FTes}
B/FTes}

CP

1
Tee2
T/YR

B/FTeae}
B/FTee}

CP

T
Tean2

TZ7YR

B/FTee)
B/FTee}
P

Table 8-SP. (cont'd)

Sample Problem

3 Output




LEG ® LENGTH
Srsssnne * AREA
CONDUCTIVITY

POROSITY

ROCK DENSITY
FLUID DENSITY
FLUID viscosiTy

nuunau

L.00E%us
1.80F+086
1.460+00
«3000
l.19E¢02
6.23E+01
1.00€+00

LEG PROPERTIES

LEG 9

LENGTH = 6.00E+02
srssenee AREA = T.07E+02
CONDUCTIVITY =  3.65E+01

POROSITY = <1500
ROCK DENSITY = 1.45E+02
FLUID DENSITY = 7,.02E+01
FLUID VISCOSITY = 1.276+00

LEG PROPERTIES
LEG 10 LENGTH =  4,97€402
L AREA = 1.00€E+08
CONDUCTIVITY = 3,.65F+0)

POROSITY = «1500
ROCKX DENSITY = laASEe02
FLUIL DENSITY =  T.90E+01
FLUID VISCOSITY = 1.43E+00

LEG PROPERTIES
e LEG 11 LENGTH = S5.00E+02
' Arassnan AREA = 1.00E+0D
CONDUCTIVITY = g.10E-04

POROSILTY = «0300
ROCK DENSITY =  1.65C+02
FLUID DENSITY =  T.40E+01
FLUID vizcosiTy = 1«43«00

LEG PROPERTIES
LEG 12 LENGIH = 6.04E+02
I ARTA = 1.00E+00
CONDUCTIVIIY = S,46F~04

POROSITY = «0300
ROCK DENSTITY = 1.65E+02
FLUID DENSITY = 7.40E+01
FLUID VISCOSITY = 1.43E+00

LES PROPERTIES
LEG 1) LENGTH = B.00E+0)3
trssnane AREA = S.40E+02
CONDUCTIVITY = 3.656+03

POROSITY = <3000
ROCK DENSITY = 1.19E£+02
FLUID DENSITY =  T7.40E+01
FLUID VISCOSITY = 1.43E~00

LEG PROPERTIES
LEG 19 LENGTH = 1.10E«07Y
“ennenan AREA = 1.00E«00
CONDUCTIVITY = S.736-04

PORDSITY = «0300

FT
Flen2
FT/YR

LB/FTee}
LB/FTeel
cp

FT
FTea2
FT/YR

LB/FTees
LB/FTee}y
ce

FT
Flea2
FT/YR

LB/FTee}
LB/FTee}
ce

FT
FTee2
FT/Yk

LB/FTee)
LB/FTee}
ce

FT1
FTaa2
FTI/YR

LB/FTes}y
LB/FTeey
cp

FT
FTea2
FT/YR

LB/FTee}
LO/FTee}y
ce

F1
Fleas
FT/IR

Table 8-SP. (cont'd) Sample Problem 3 Output



“i°

= let3e00

FLULID viIsSCOSITY

LEG PHROPERTIES
LEG 1S LENGTH = 1.10£+0)
Srssnnns AREA = 1,.20€+08
CONDUCTIVITY = 9,13E+02

POROSITY = «3000
ROCK DENSITY = 1.19E+02
FLUID DENSITY = §.23 01
FLUID VISCOSITY = 1.00E+00

QISTijsurion C

QEFFICIENTS BY LEG

Fr
FTee2
FT/ZIR

LB/FTea}
LB/FTee}
ce

AND BY IS0TOPE

NP23T U233y TH229
LEG]S 0. 0. 0.
LEGLO 0. 0. 0.
LEG 3 «10000€+02 .16000E£+01 L10000C«01
RETAZDATION FACTIORS BY LEG AND BY 1SOTOPE
NP23T uz233 TH229
LEG1) «10000E+-01 «10000E*01 .10000E+01
LEGID «10000E~01 «10000E+01 ,10000E+01
LES 3 «396TTES0N  L6356TE«D)Y L.39767E+03
LEG NO. FLOV VOL. OARCY VEL. PORE VEL.
(CU FT)/DAY FT/70AY FT/0AY
1 J.88E+06 6.47E~01 2.16E+00
2 3.B8E+06 6.07E-01 2.16€+00 .
3 3.88E+06 6.47E-01 2.16E+00
L] 3.88E+08 6.47E-01 2.16E+00
5 6.5BE«0S 3.66E£-01 1.22€+00
6 6.58E+05 J.66E-01 1.22€«00
7 6.58E+05 3.66E~01 «1.22E+00
8 6.56E 05 J.66E-01 1.22£+00
9 =1l.02C+00 =1.45€-0) -9.65£-03
10 1.02€+00 1.02€E+00 6.82E+00
11 ~1.66E-06 ~l.66C-06 =~S.54E-05
12 ~1.39€~086 =1.39C-06 -+ .60E-0S
13 1.02€+00 1.8%9€~-03 6.32E~-0)
e} ~S5.83E-07 ~5.83E-07 =1.94E-05
15 6-58E¢0S S.48E-0) 1.83E-02
TOTAL PATH LENGTH (FT) = 2.8497E+0
FROWM DEPOSITORY MIDPY (FT) = 2.4497C+04
AVERAGE FLUID VELOCITY (FTZY) = 1.3914E+01
THE SPACE STEPecesceccccsacscs DX = 1.14281E+03 FTY

THE TIME STEPsescscassssssnns 0T
NO OF SOURCE BLKSesecsccsccnse

= A.T784S5%E-03 Y
NSB = T

VELOCITIES AND PRODUCTION FACTORS FOR EACH SUBCHAIN CONSIDERED

DAUSHIER PARENT(S) o AVERAGE vILoOCcITY
NP2 3T (DECAY) «23835E+00
U213}y (DECAY) «13694E+01

Table 8-SP. (cont'd) Sample Problem

DECAY/PRODUCTION FACTOR(DT)
«99845E«00

«979T74E~00 |

3 Output

COURANT NUMBER
«10026E+01

«ST4B15.01



H223
w229

(0tcan
uasy

Table 8-SP,.

(cont'd)

e L awe ww

«20689E 01
«17192€+01

Sample

Sl duLn®iyg

«63089E 00
«16273-01

Problem 3 Output

<3130

8684270
«T2162Ze01



®AuGuvUCLIDE olscmlé(, RATE (Ci/0av)

YIAR

9569,
14358,
191 %,
23323.
28708,
33892,
3s27ir.
43061,
ATdes.
52530,
57415,
62206,
6b988,
Titey.,
16553,
51338 .
86123,
90307
95692.
1008076,
105261,
110048,
114830,
119615,
124399,
129189,
133368.
138753,
143538,
148322.
153107,
157891.
162676,
167461 .
1712245,
17171330,
181318,
186599 .
191388,
196168,
200953,
20571371,
210522,
215307,
220091,
224876,
229560,
238045,
239229.
248010,
248799,
253583,
258368 .
263152,
26713371,
212122,
2711506
262291 .
2871075.
291860«

NP237

e

0.

Oe

O

0.
«S5E6805E€~12
«27903E~-10
« 376490 -09
»25102£-08
«10652E-07
«32995E-07
«B81165E-07
«lb766E~06
«30239C-06
«4B997E~06
«12859C~06
«1010BE~-05
«13250€-0%
«16583E-05
«19971E~-0%
«23320E-05
«26522€-05
«29521E-05
«322718E-05
«3NTT2E~-05
«37001E~-05S
«38972€~05
«8%0.00E-0%
«%2203€E~05
«4349BE~05
«44599E-0%
«%5517€~-05
«A62%06E~05
«A6T55E~-05
«~ABITAE~05
« %6 796E~-05
«96067EL-09
«AA681E-05
«42560E-0%
«3IT18BE~DS
« 362535065
«32337E-05
~28182£-05
«24004E~05
«19995E~05
«16305£-05
«13029E-05
«10214E-05
« TH6ASE~08
«59504E-06
«32591E~06
«23609E~06
«168842-06
«11931E~-06
«B3378E~-07
«S57L60E~-07
«39488E~-0T
«26798C-07
«-18031E-07

U223\
«12016€-08
-8l100€~08
«31070L-0S
+%151C-05
«91724€E~05
«53991€C~-05
«55447€~-05
«56722C-05
«57961E~05
« 991946 -05%
«60426L-05
«616S53E-05
«6H2BL6E-0Y
«68052E-05
«65198E-05
+66290E-05
«67315E£-05
«6H264E~-05
«69130£~05
«69911E-05
«T0605E-05
«J0811€~05
«63470E~-05
«41571E~05
«255785-05
-209.‘.(’05
«196110~-05
«1B6420-05
«176530~-05%
«16630C-05
»155720-05
« 1848SE-25
«13373E-05
«12239E~-05
«11091€-05
«9936BE-06
«B719020-06
«I166T75E~06
«6S58T9E~-06
«95710€~06
«463430-06
«37915€E-06
«30508E~-06
«24145E-06
«18813C-06
-IOQJIE-DG
«10907E~-06
«8l1276E-07
«597152€~07
«43370C-07
«3l101E~07
«22089E~07
el15%64E~07
«16736E-07
«T3823E-08
«50307€-08
«33991€E-08
«22184E-08
«15157eE-08
«10012E-08

TH229
«52592E~06
«34753E-09
«S9207E~-05
«69627E-0S
«13191E-0S
«TATBEE~DS
«TSBBEE~DS
« 768 36E~05
«17T10E~0S
«T8522€E~05
«19271C~05
«19957E~05
«AO0STBE~0S
«B1135€~-65
«81629€-05
«82062E-05
«-A2439C-05
«B2764E-05
«B83040E-05
«83273E-05
«B2951E~05
«T6301E-05
«43051€-05
«237T12E~05
«13285E~-05
«+10581E~05
«94282€-06
«BAARRE~0E
«75141E-06
«66241E-06
«STB30C-06
«%9953E~-06
«82656E-06
«35980E-06
«29956E~06
«24603€-06
«19925€-06
«159%07E~-06
«12518E-06
«97109€E-07
«74280€E-07
«56081E-07
«ALT21E~07
«30663€E~07
«22260€~-07
«15970€E~-07
«11330E~-07
«79532E-08
«55266E-08
«38039E~-08
«25946E~08
«17547€E~08
«11772E~-08
«T8377E~09
«51809E-09
«34015€~-09
«22190E-09
«14389€-09
«92767E~-10
«59486£-10

Table 8-SP.. (cont'd) Sample Problem 3 Output



RADI ONUCLIDE DISCHARGE RAIL (CL/DAY)

YEAR
296545,
3oiv2y.
306218,
310998,
315783,
320567«
3253%2.
s’5013%7.
RRLE 3
339706,
348090,
3492715,
3a8060.

NP23T
«l2035C-07
«73728E~04
«52446E-08
«34271E~08
«22255£~08
«14368L ~08
«92242€E~-09
«SH911E~09
e 374391 ~09
«236820-09
«14914F-09
«93527E~10
«584210-10

U233

TH229

«65BBBE-09 *.37951E~-10

«42827E~09
«21155€E-09
«17886E~09
« 118656 ~09
«I311T7E~20
«A6408E-10
«29322€~10
«188487E~10
«11558€~-10
«72140E-11
«A4Bg0E-11
«27198E~-11

+24094E-10
«15227E-10
«95816E-11
«60001E~-1)
«3I8TTE-11
«23306E~11
«18843E-11
«89198E~-12
«54913E-12
«33704E-22
«20626€-12
«12588E-12

OPTIONS 140 240 3,0 8,0 5S40 641 741 840 Fo0 1090 1140 1241 1300 1440 150 1640 1740 1840 1940 20,0 2140 2240 2340

NO OF VECTORS - 0 TIME UPPER BOUND = 3.50E+05

THE SPACE STZPesscsscncacases [x
THE TIME STEPsssscssassnaness DT
NO OF SOURCE BLKSesssssennnns NSH

LU 1)

1.14281E+08 FT
A.TBASE«Q3 ¥

VELOCITIES AND PRODUCTION FACTORS FOR EACH SUBCHAIN CONSIDERED

DAUSHIER PARENT(S)
NP2 5T (DECAY)

o U2 33 (DECAY)

$ U233 NP 23T
229 (DECAY)
H229 u233

AVERAGE vELOCITY

«23885€+00

«13694E+01
-80413E+00

«20689E+01
«17192E+01

DECAY/PRODUCT ION FACTOR(DT)

«99845SE+00

«9T79T74E00
«153268E-02

«63489C+00
«16273€-01

Table 8-SP. (coni‘d) Sample Problem 3 Output

COURANT NUNBER

+103035«01

«59105£+01
«30707E-01

«892957+01
«7T0200E01



~BEl-

BRuUL SeUCLIDE DISCHARGE RAL

YiAR
9569,
14356,
191 %.
23323,
26708,
392,
Jg211.
43061,
LR AR TN
52530
SIsls,.
62200,
66984,
Tirtev.
16553,
81336,
86123,
90%071.
¥5692.
100816,
105261 .
110088 .
114330,
119615,
124399,
129186,
133363,
138753,
145538,
148322,
153107,
157891,
162676,
167T%61 .
112245,
177030,
161814,
186599,
191388,
196168,
200353,
20571371,
210522,
215%07.
220091 .
224876 .
229660,
238045,
23922%.
288018,
248799 .
253583,
258368,
263152,
261337,
212122,
2171506,
282291.
2870715,
291860,

NP23T

«V6603E-~13
«59527¢-11
«13233E-05
«12398E~-08
«61781E~-08
« 25545607
«713316£~07
«17102€~-06
«33925€E-06
«591415-06
«92874E-06
«13393£-05
«1B008E-05
«22853E-05
«27651E-05
«3216T7E-0S
«36233E-05
«39751E~05
«426905-05
«45066E£-05
«46333E-05
«48358E-05
«A9417C-05
«50180E-05
«50700E-05
«50995€-05
«510185-05
«50644E-05
«49T00E-05
«48012E-05
«AS8TTE~05
«42107E~-05
«3B8033E-05
«33484E-05
«28731E-05
«28001E~05
«19638E-05
«15679E~05
«12252E~05
«93881E-06
« 10542606
«52116E-06
«37R89C-06
«27138E~06
«19171E~06
«13371E~-06
«92152E-07
«62817E-07
«A23BAE-0T
« 283275 -07
<18765E-07
«12329c-07
«B0377E~08
«52027C -08

u23s
'.
«53136E-06
«31230E~-05
«48601E-05
«53037E~-05
«54554E£-05
+55818£~05
«5T0T3E~05
«58330£-05
« 595895 -05
«50852E~05
«62116%7-05
«63376E-05
«6A620E~05
«65830€E~05
«66985E-05
«68061E~05
«69038E~05
«699%01E-05
«10641E~05
«71256E-05
«711226E-05
«6429840-05
«396926-05
«23962€-05
«20081E-05
«1B8T704E-05
«175S1E~-05
«16374E-05
«15171€-05
e 13946E-05
«12705€E~05
«114536-05
«10199E-05
«BIS68F-06
«T74AS1E~06
«65860E-06
«55024€ -06
«45143E-06
«36363E-06
«2B164E-06
«22352€~06
«17075€~-06
«12830E~06
«94913E-07
«69180E-07
«AFT24E~07
«3527135E-07
«247156-07
«17118L-07
«l1728E~07
« 7T9542E-08
«53436E~08
«35580E~-08
«234948-08
«15393£-08
«10012E~08
«64669E-09
«41503E-09
«26A4TSE~-09

(Ci/7oam)

TH229
«31058E~06
«33175£~-05
«612856-05
«T1456E-05
«T316T7E~-0%
«TABS6L-05
«75814E-05
«767T10E-05
« 17544605
«T8308E-05
«7T8999C-05
«T9614E-05
«80151E-05
+BCL09E~05
«80991E-05
+81301E-05
«B15%4E-05
«B1T28E-0G5
+81861€-05
«81951E~05
«81700E-05
T6001E-v5
e 45408 ~05
«20237E~05
«10900E-05
«B1249E-06
«T6STIE~D6
«6709BE~06
«58203E-06
«49914E-06
«N2274E-06
«35325E-06
«29098€~-06
+23612E~06
«4BBEEE~06
«14838L-06
+11488E-06
«87569E~07
«65743E~07
«48634E-07
«354T1E-07
«25523E-07
«18130E~-07
«127226-07
+B88250E-08
«6055BE~-08
«41133E~-08
«21673E~-08
«18450E-08
«12198E-08
«B000SE~-09
«52086E~09
«33674E-09
«21628E~09
«13806E~09
«87615E-10
«55301E~10
«34727E-10
«21701E-10
«13500E~10

Table 8-SP. (cont'd) Sample Problem 3 Output




CI/70AY)

229
8361 8¢
5158
31699¢
« 19409
«1184%
«12030¢
«4361731
«26802¢
«15917¢
« 357048
«H 73998
« 343431
«20501¢

-1

£~-11

-11
-11
-3
=12
-1
-12
=38
-33
-33
-13
-33

Sample

Problem

3 Output







Sample Problem 4: Different Release Scenario , Longer Decay Chain,

Solubility Limits

Sample problem 4 simulates a different release scenario and transports a
longer decay chain than problems 1-3. The use of solubility limits is also
described.

Release is assumed to occur due to a single 13.5 inch diameter borehole
connecting the upper and lower aquifer through the depository. Legs io and
12 are used in this instance. Water from the borehole is assumed to
circulate through the entire depository. Thus, the migration path is
assumed to begin at the center of leg 13. However, to assure that the fluid
flow rate in the borehole is used in all source calculations, we flag leg 12
negatively on the migration path card.

The decay chain

CM286 ———9PU242 )2 38—l 2 38 ——pTH2 30——sRA226

PU238

is transported along legs 13, 12, 7, 8 and 15.

Input is described in terms of changes to the base-case (Table 9-SP).

BC(1) A different title

SAMPLE PROBLEM NO. 4

BC(2) A blank card is incerted.

BC(4) Conductivity in legs 10, 12 and 13 is set to 10 ft/day.




BC(S5) The cross-sectional area of leg 13 is set to 2.7 x
2

4

107 ft That is

AREA(13) = 6000 x 18 x .25

where depository width is 6000ft, height is 18 ft, and there

is a .25 extraction ratio. (.25 extraction ratio implies that

25/100 of the intact salt is removed to create depository rooms,

corridors, etc.)

BC(8) Porosity in legs 10 and 12 is set to 0.15 and leg 13

is set to .1.

BC(9) The brine concentration in leg 10 is set to .67.

BC(10) The migration path card becomes
5 13 -12 7

8 15.

BC(12) The number of isotopes is 7. Decay chain information

includes:

Name Component Half-Life (years)
CM246 1 4.71 x 103
PU242 2 3.79 x 10°

u238 3 4.51 x 10°
PU238 a 39

U234 5 2.47 x 10°
TH230 6 8 x 10°

RA226 7 1600

141

Curies

3.22 x 10°

1.28 x 10°
106
1.11 x 107
789
1.74

.014



The initial curies are from the Blomeke low-growth projections*
Each parent-to-daughter decay fraction is one. Finally note

that U234 has 2 parents and PU238 has none.

BC(13) Legs 7, 8 and 15 (the 3rd, 4th, and 5th legs in the
migration path) are assigned the KD's given below. KD's in legs
13 and 12 remain zero.
Tsotope KD(ft/1b)
CM246 5.20
PU242 .96
U238 .15
PU238 .96
U234 15
TH230 7.35
RA226 .02

Although these numbers may appear somewhat strange, they arise

from a random sampling technique over reasonable KD ranges.

BC(15) The LLONLY parameter on the DVM control card is set to

2. The model 1ogic is then to test at each time step whether an

isotope ought to be solubility- or leach-limited.

BC(16) The solubility limits card is written in 7£10.3 format.

*Blomeke, J. 0. and Kee, C. W., Projections of Wastes to be
Generated, International Symposium on the Management of Wastes
from the LWR Fuel Cycle, Denver, Co., July 11-16, 1976.

-




[sotope

CM246
PU242

u238
PU238

U234
TH230
RA2Z6

Solubility

Limit (g/q)

1.55
2.57
4.54
5.14
5.35
6.74

>

X

X

10.
10-13
1073
1012
1078
10-8
107°

Except for CM246 these values are also the result of a random

sampling technique. Since CM is assumed to have unlimited

solubility, the value 10 g/g is inserted to force a leach-limited

source. Notice that for example, U233 and U234 have different

limits. The solubility limit 2.57 x 1072 was sampled for

uranium and then multiplied by an average mass fraction, i.e.,

.998 for U238 and .002 for U234.

The time dependent discharge rates are graphed on Figure 8-SP.

Since solubility limits are utilized and the decay chain consists

of more than 3 isotopes we can no longer use GETOUT for comparison.

Hence, SWIFT was used for comparison and its output is depicted at

various times. The early pulse of PU242 is caused by the decay of

slowly moving CM246 outside the depository region.

Solubility

limits are not tested outside the depository due to the large

volume of water in the aquifers. Tne effect of CM246 decay

diminishes after a few half-lives.

shows the effect of a solubility-limited source.

given in Table 10-SP.

The output pulse of PU242 then

Code output is



432.70
50.0
1.5€-6
6.6

1.
14500.
600.
3602.41
2211.31
'3

«03

o.

x.

S 13

2%6.
242,
1
238,
2
23B.
238,
3
4
230.
5
226
6

Table 9-5p,

SAMPLE PROBLIM NO. 4

645.10
50.0
10.
6.E6
‘.o
B000.
496.5
2502.%1
2819.67
-3

«15

°.

S00.

1.55€~-13

432.70
50.0
1.67Z-6
6.E6

1.
38000.
500.
1525.89
1719.67

6
7

5.20
«96
«15
«96
15

7.35
-02

2.57E~-5

50.0
‘o.
6.E6
1.0
100000.
603.5
3414.81
425.89
.3

1
1

S.20
«96
-15
-96
-15

7.35
-02

4.54E-13

40.0
10.
1.8Cs6
2.7EN
14500.
8000.
3311.31

4710.
3.79ES

4.51€9

8%.
2.47ES

8.E4
1600.

S.20
«96
.ls
«96
«15

7.35
.oz

S.14€-8

40.0
1.57€~8
1.8€¢
1.
8000.
1100.
2814.81

3.222s
1.28E3

106.

1.1127
789.

S.3SE-8

Sample Problem 4 Input Data
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0.
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1.856
100000.
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DISCHARGE RATE (Ci/day)

10-3 T . g
— DVM

2 SWIFT PU242

e3 SWIFT U238

e8 SWIFT U234 RA220
o6 SWIFT TH230
e7 SWIFT RA226

104 L.

10-5

10-6 —

10-7 -

‘0"8 o

1079 |-

10=-11 ]
103 104 105
TIME (years)

Figure 8-SP. Discharge Rates
i vs. Time for Problem 4

-145-
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SAHPLE PROBLEM NO. &

OPTIONS 140 240 “40 440 S48 6.0 TeO B840 940 1040 1140 1240 1340 14,0 1540 1640 17,0 18,40 19,0 20

NUMBER OF ISOTOPES 1
ISOTOPE NAME HALF LIFE (YEARS) INITIAL AMOUNT (CI)
CH246 A.T10E-0) 3.220C+04
PU242 3.790E+05 1.280E+0)
U238 4.5100+09 1.060E+02
PU23n B.900E+01 l.110E+07
U23s 2.970E%05 T.A90E+02
Tha3o A.000C+04 1.740€E+00
RA226 1.600C+0) . 1.400E~02
LEACH TINME = 1.000E+05 YEARS DISPERSIVITY = 5.000E+02 FEET

NO OF VECTORS = 0 TIME UPPER BOUND = 1.00C+06

Table 10-SP. Sample Problem 4 Output
(Pages 146 through 161 inclusive)

0 2140 2240 23:0
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Srsannanae Sessssnsnn - -
i LA Y - - . - -
. . s nnean - Chsnrnnnn - Sresnnnne - LR -
N LONER . - . - - . - . - - - - -
f ® AQUIFER e=<vs LEG § secccnccccccncnseas LEG 6 t-memmccmcccccccccaccs LEG 7 bcccccveccccce LEG 8 s~cccccua
N INLET . . - - - 2 - - -
., - . Shsnsannn Shrsnnnae Seasnanne Shssnnsan
: LR Y
------ RADIONUCLIDE MIGRATION PATH===~«<LEGS 13 =12 T 8 15

UPPER AQUIFER INLETY
' INLEYT PRESSURE = 6£2308.80 LB/FTee2 .
ELEVATION = 3602.41 FT

L LOWER AQUIFER INLET
INLEY PRESSURE = 93038.40 LB/FTee2
ELEVATION = 2502.41 FY

OUTLET
OUTLET PRESSURE = 62308.80 LB/FTee2
ELEVATION = 1525.89 F7

ELEVATIONS OF OTHER POINTS

{ JUNCTION 4 (LEGS 1-2-9) = 3814.81 FT
JUNCTION S (LEGS 2-3-10) = 351131 FT
JUNCTION 6 (LEGS 9-11-1%) = 2814.81 FT
JUNCTION 7 (LLGS 10-12-13) ‘= 2814.81 F71
JUNCTION B (LEGS S5=6-11) = 2314.81 FT
JUNCTION 9 (LEGS 6-~T7-12) = 2211.31 FY
JUNCTIONIO (LEGS 3-~4-14) = 2819.67 F7T
JUNCTIONI1 (LEGS T7-8-14) = 1719.67 FT
JUNCTIONL2 (LEGS B8-15) = 425.89 F1
LEG PROPERTIES
LEG 1 LENGTH = 1.45E+CH FT

asssnnan Y AREA = 6.00E+06 FTea2

LA R RN
- -

Srmcmrmncmennne=s QUTLET

- .
LA A R R
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LEG 2

LEG 3

AR R R

LEG o

LEG 5

LEG 6

LEG 7

LR

<3000

PORDSLIIY =
ROCK DENSITY = 1.19€+02
FLUID DENSITY = §.23E+01
FLUID VISCOSITY = 1.00£+00

LEG PROPEARTIES

LENGTH = B.00E+03

AREA = 6.00C+06

CONDUCTIVITY =  1.83E+04
POROSITY = <3000

ROCK DENSITY = 1.19E+82

FLUID DENSITY =  §.23E+01

FLUID VISCOSITY = 1.00E+00

LEG PROPERTIES

LENGTH =  3.80E+04

AREA = 6.00E+06

CONDUCTIVITY =  1.83E+08
POROSITY = <3000

ROCK DENSITY = 1.19C+02

FLUID DENSITY =  6.23E+0D1

FLUID vISCOoSITY = 1.00E«00

LEG PROPERTIES |

LENGTH =  1.00E+05

AREA = 6.00E+06

CONDUCTIVITY =  1.83€E+04
POROSITY = «3000

ROCK DENSITY =  1,19E«02

FLUID DENSITY = 6.23E+01

FLUID VISCOSITY = 1.00E«00

LEG PROPERTIES

LENGTH =  1,.45E+04

AREA = 1.80E+Q6

CONDUCTIVITY = 1.46E+08
POROSITY = <3000

ROCK DENSITY = 1.19E+02

FLUID DENSITY = §,235+01)

FLUID VISCOSITY = 1.00E+00

LEG PROPERTIES

LENGTH = B8.00E+0)3

AREA = 1.80E+06

CONDUCTIVITY = 1.46E+04
POROSITY = <3000

ROCK DENSITY = 1.19E+02

FLUID DENSITY = 6.23E+0)

FLUID VISCOSIVY = 1.00E+00

LEG PROPERTIES

LENGTH =  3.80E+04

AREA = 1.80E+06

CONDUCTIVITY = ].46F+04
POROSIVY = <3000

ROCK DENSITY = 1,19€+02

FLUID DENSLI,Y = 6.23E+01

= 1.00E+00

FLUID viscosITy
-

LB/FTee}
LB/FTes}
ce

FT
Flee2
FT/YR

LB/FTee}
LB/FTeel
ce

ET
FTes2
FT/YR

LB/FTee3
LB/FTee}
cp

FTY
Flee2
FI/7(R

LB/FTee3
LB/FTes}
ce

FT
Flee2
FI/YR

LB/FTee}y
LB/FYee)
cp

FT
FTee2
FI/YR

LB/FTeey
LB/FTee}
ce

Fr
FTee2
FT/YR

LB/FTes)
LB/FTeel
cp
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LEG &

LEG 9

LEG 10

LEG 11

LR

LEG 12

L Y

LEG 13

LEG 1a

LENGTH

Y ARER
CONDUCTIVITY
POROSTTY

ROCK DENSITY
FLUID DENSITY
FLUID viscosIry

H U o mwp

1.00€+0%
1.80€+086
1.960 00
<3000
1.19€«02
6.23C+01
1.00E~00

LEG PROPERTIES

LENGTH

AREA
CoNDuUCTIVITY
POROSITY

ROCK DENSITY
FLUID DENSITY
FLUID viscosypry

6.000002
L.00E%p0
Se ABE-D0
-0300
1.65€E+02
T.00E+01
l«43E~00

LEG PROPERTIES

LENGTH

AREA
coNouCTrIvITY
POROSITY

ROCK DENSITY
FLUID DENSITY
FLULD viscosITy

LU LI U U T T 1)

A.970%02
1.00E+00
3.65F+03
«1500
1.45€+02
T.02€+01
1.27E«00

LEG PRGPERTIES

LENGTH

AQEA
CONDUCTIVITY
POROLETY

ROCK DENSITY
FLUID DENSTTY
FLUID vIscosITy

LU LI DI T [ T 1

S.00E *02
1.00E~00
6.100~-04
<0300
1.65+02
T.00E+01
1.43E+00

LEG PROFERTIES

LENGTH

AREA
ConouCTIVITY
PORDSITY

ROCK DENSTITY
FLUID DENSTTY
FLUID viIsCostry

LU L L L Tl T 1)

6.04E402
1.00E«00
J.65C+0)
«1500
1.45€+02
7-Q0€001
1.43E+00

LEG PROPERTIES

LENGTH

AREA
coNoucTIvVITY
POROSITY

ROCK DENSITY
FLUID DENSITY
FLUID viscosiTy

LU T LA O T 1)

8.006%03
2.70E+04
3.65E+03
1000
1.53€«02
Ted0Ev01
1.43E%00

LEG PROPERTIES

LENGTH

AREA
CONDUCTIVITY
POROSITY

1.10E+0)

1.00E+00

S.T73E-00
«0300

F1
FTeaa2
FIZYR

LB/FTees
LB/FTeal
ce

Fr
FTea2
FI/ZYR

LB/FTes}y
LB/FTes}
ce

FT
Flee2
FT/YR

LB/FTee}
LB/FTee}
cp

FT
FTee2
FT/ZYR

LB/FTaa}
LB/FTen}y
ce

FT
Flea2
FI/YR

LB/FTee}
LAB/FTee}
cp

FT
FYae2
FT/7YR

LB/FYeay
LB/FTee3
ce

FT
FTea2
FT/ZYR
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LEG 1S

FLUID DEWSITY
FLUID visCosiry

=

7.00(001
lea3ienn

LEG PROPERTIES

LENGTH

ARLA
CONDUCTIVITY
POROSTITY

ROCK DENSITY
FLUID DENSITY
FLUID wviscosiry

OISTRIBUTION COEFFICIENTS BY LEG

LLGL)
LEGI2
LEG 7
LEG 8
LEBLS

CH246
0. 0.
°' o.

PU242

«52000201
«52000£+01
«52000E«01

«960C0E~00
«96000C+00
«96000E+00

RETARDATION FACYORS BY LEG AND By

LEGLY
LEG12
LEG 7
LEG 8
LEG1S

VELOZITIES AND PRODUCTION FACTOR

DAUSHIER

TOTAL PATH LENGTH (FY1)
FROM DEPOSITGRY MIDPT (FT)
AVERAGE FLUID VELOCITY (FT/T)

Cn246 Pu242
«10000C+01 L10000Ce01
«10000E+01 L.10000E+01
«20637C+08 L38180E+0)
«20637C+04 L38180E+0)3
«20637C+04 L33180E«03

LEG NO. FLOW VOL.
(Cu Frazoay

1 3.868E«06
2 3.88C«06
3 J.88E+06
4 J.8BE*06
5 6.58E05
6 6.5BE+05
1 6.58E05
8 6.58L+05
9 ~T.85E-07
10 ~4.6T7E+00
11 ~T«25E~07
12 ~4.6T7E400
i3 6.02E~-08
14 ~S5.83E-07
15 6.58E+05

1.10E0)
1.20E+28
9.13E+02
«3000
lalzEeg2
6.23E+01
1.00€-00

S ey
LBE/FTea}
ce

FT
Flee2
FI/YR

LB/FTee}
LEB/FTee}
ce

AND BY ISOTOPE

THE SPACE STEPecescccssncsncses

THE TIHE STEPeecsscsss

LR LR

NO OF SOURCE BLKSeecsssccsnnn

PARENT(S)

uz23s PU238 U234

0. 0. 0.

0. 0. 0.
«15000E400 .96000E+00 «15000€E+00
«150005+00 .96000E+00 <15000E+00
«15000£+00 .96000E+00 12000€+00

IsovoPE

uzis PU238 U234
«10000E«0)  .10000E+01 L10000E+01
«10000€+01 .10000E«01 ,L10000E+01
»6J500E902 L38180E03 L60500E¢02
+6050CE*02 .38180E+03 L60500E+02
«60500E¢02 .38180E+03 L60560E02
DARCY VEL. PORE VEL.
FI/oAY FY/0AY
6.4T7E-D1 2.16E+00
6.07E-01 2.16E+00
6.47E-01 * 2.16E+00
6.47E~01 2.16E+00
3.66E~-01 1.22€E+00
3.66E-01 1.22€+00
J.66E-01 1.22€+00
J.66E-01 1.22E«00
~T.45€~-07 =2.62E-05
~4.67E+00 =3.11€E+01
~T.25€E~-07 ~2.42E-05
=4.67E+00 =3.11E+01
202-’[‘12 2.232-11
=5.03E-07 =1.94E£-05
S.48E-0) 1.83E-02
= 1.ATT10E<0S
= 1e4370E+05
= 2e1095€-01

DX = 1.3514TE«03 FT
DT = 1.76528E+03 Y

NSB =

S FOR EACH SUBCHAIN CONSIDERED

AVERAGE vELOCITY

TH230

0.

0.
«73500E«01
«73500E+01
«73500E-01

TH230
«10000E+01
«10000E«01
«2916SE+00
«29165E+04
«29165E+04

DECAY/PRODUCT ION FACTORC(DT)

«20000£~01
«20000E-01
«20000€-01

Ra 226
«10000€+01
«10000E+01
«89333E+01
-89333€+01
«89333E+01

COURANT NUMAER
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PU2e2
FU242

uz23sa
U238
U238

Pu2s

Uz
Uz 3
U2 3¢
U2 3

TH2 30
TH2 130

RA228
RA22%
RA225

(bEcarn)

(RECar)
(M246

(DFCaY)
PU242
PU242 CH246

(DECAY)

(DECAY)
u23ss

u23s PuU2s2
Pu23s8

(DECaY)
U234

(becar)
TH230
TH230 U234

«14565C+00

«T6559E+00
«45562E+00

«409695+01
«24312€+01
»16694E+01

«T6559E+00

«40969E+01
«V0969E+01
«29864E+01
«3B8586E+01

«10325€«00
«21001€E+01

«13582€+02
«6B8424E+01
«59272€+01

«T1122E+00

«99678E 400
<2284 0 +00

«10000E+01
«32233E-02
+3BABSE-0)

«10696E-05

«99506E£+00
«27064C-06
«43676E£-09
«99542€+00

«98482€+00
«49040£-02

«46545E+00
«1059%€E-01
«29611E-04

«19148C00

«100557«01
«59898C«00

«53860Z 0
31962701
«219472em1

«1006SZe01

«53860Ze01
«53860: e01
«¥9262Ze01
«506T4ce0)

«13574% 00
«2760%Z «01

«17855E <02
«89955C«01
«179235«01
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TLAR

3531.
529 .
Toél.
8826.
10592,
12357,
18122,
15887.
171653,
19818,
21183,
22943 .
240710,
26079,
2826,
Jeoilo.
3i7715.
33540.
3S306.
3ron.
38836,
40601.
423617,
a6l N2,
A5897.
47662
V9428,
51193,
52958,
S4712s,
56883,
SH258,
60019,
61785,
63550,
65315.
67080«
GBBAE .
70511 .
12376 »
74132,
15%4a471.
176712«
Tas37.
81203,
H2968 .
BaT33,
B6899 .
B8264.
90029%.
G1796 .
93560
95325.
97090,
9695S5.
1065621
102586 .
174551
105917,
107682,

Cn24s

e51854€~25
«S5T104E-29
«5S8AB0E-2)
«S0B04E~L2
«39182€-21
«26984L~20
«167T7T7E~19
«94748E-19
«ARF12E~18
«23215E-17
«10183E~-16
«A1482E-16

‘u23s

°o
«T63STE~20
«15874E~-14
«13299€-11
«11491E-09
-25818E-08
«2319BE=-07
«10684€-06
«29766E-06
«S6846E-06
«82560€-06
+99829E-06
«10840E-05S
«11165€~-05
«112636-05
«11287€~-35%
«11292E-05
«11293E-05
«11293E~35S
«112936=05
«11293E-25
«11293E~05%
«112936-05%
«11293E-05
«11293£-0%
«11293E-05
+11293E-05
«11293E-05S
«11293E-05
«112936~05
«112932-05
«11293€-05
«11293€-05
«11293¢=25
«11293E~-05
«112935£~05
«11293E~05
«11293F-05
«11293E~05
«11293E~05
«11293E-05
«11293E-05
«11293E-05
«11293E~05
«11293E-05
«11293E-05
+11293€-05%
«11293E-05
«11293€-05
«112936-05
«11293E-05

PuU23s

U234

«267T70E~18
«55404E~-13
«46211E-10
«39750€E-08
«88925€E-07
« T9564E~-06
«36498E-05
«10132E-04
«19288E~-00
«27943E-00
«33727E~00
«36585€~04
«3766SE~00
«37988E-04
«38066E-04
«38082€-04
«3B08SE-04
«38085F -0y
«3808SE~-04
«3808S5E~-09¢
«38085€E-04
«JBLBSE~D0
«3JBOSSE-00
«380B5E~-00
«38085E~-00
«3808SE~-00
«38085E-00
«3B085E~-00
«3B0BSE~00
«38085E~-04
«38085€~00
«JBDBSE~-00
«3B0BSE~-DY
«3B08SE~08
«3808SE-00
«3B08SE~00
«3BO0ASE-DN
«3B8035€~-00
«36085E~-00
«3B08SC-04
«3JB0BSE-D
«3R0BSE~00
«38085E-00
«3JB08SE-0
«3808SE-00
«3B085E~-00
«38085E-04
«38085E-04
«38085E~-04
«38085SE-04

TH230

«67932E~2)
«5396SE-17
«66902E~10
«73437E-12
«20369E~10
«23149%€-09
«13963E-08
+52296E-08
«13606E~-07
«26926E-07
«43720€~07
«61923E-07
«80097E-07
«97CA0E-DT
«11484E-06
«1305S5€-06
«14608E-06
«16108E-06
«17563E~06
«18977€-06
«20354E-06
«21697E~-086
+23009E-06
«24291E-06
«25546E~-06
«26T75€E-06
«271978BE~-06
«29158E~06
«30316E-06
«31451€-06
«32566E-06
«33660E-06
«34735€-06
+35791E-06
«36828C-06
«371BATE~-06
«3BB49E-06
+«39834E-06
«40802€-06
«41754C~06
«42690E~06
«43611E-06
«44517€-06
«35407E~-06
«V6283E-06
«A71450-06
«A7993E-06
«48828E-06
«49649E-06
«504S7E-0¢

«73280€~11
«12677C-08
«20975€-07
«BASSTE~OT
«19411E-08
«35165€-06
«56298E-06
«83751€-06
«11890E-08
«16373E-0S
«22103E~05
«29491E-05
«39104€-0S
+51560E~05
«67208E-05
«85749€-05
«10629E-04
«12784E-04
«14973E-00
«171625~-00
«19339E~-04
«21503E-04
«23653E-04
«257190€-04
«27912€E~-04
«30021E~04
«32116E~04
«34198E-04
«36266E-04
«38322€-00
«A0364E-00
«42393€E-04
«4440BE-00
«A6A11E-0D0
«ABADLIE-DY
«S503771E-04
«52340E-04
«54290€~-04
«56227€~04
«58151E~-04
«60061E-D4
«61959€~09
«638435-04
«65T14E~04
«6TET2E~00
«69417E-04
«71248E-04
«T73067E-00
«TABT2E-00
«T6664E-00
«TBAAZE-DY
«80209E~-04
«B81962€-00
«83701E~-04
«B85427E-04
«87141E~04
«8BB37E~04
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LR L)
1098067,
151213,
112978,
114743,
116508,
11827113,
120089,
121808,
123563,
125335,
127100,
128865,
130530,
132396,
134161,
135926 .
137692,
139457,
141222,
I8 9871,
184753,
186518,
18283,
150068,
151814,
15357%.
155344,
1571i0.
158875,
160640,
1628305,
164171,
165936,
161701
1699066«
171232,
1729971,
1218762,
176528
178293.
1800S8 .
161823,
183589.
185354,
187119,
18R8AS.
190650,
192415,
194180,
195946.
191711,
19984 16,
2012481 .
203007.
20851172,
206537,
208303,
210068,
211833,
213598,

Cn2ee

PU242
«15760€E-15
«56071C~-19
«187455~14
«59118E-14
«17630E~13
«49900E~-1)
«13432€-12
«34478E~-12
«B84591E-12
«19879€~-11
s A8BADE-1
«97259%€-11
«20322€~-10
«40970E~-10
«198265E~10
«15053€-09
=27510E-09
«48790E-09
«84073E-09
«14093E-08
«23004E-08
«36606C~-08
«56840€E-08
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«16406E~-09
«16353E-09
«16301E~09
«16248E-09
«16196€~09
«16143E-09
«16091E-09
«16040E~09
«1598BE~09
«15936C~09
«15885€-09
«15834€£~09
«15783E~-09

U23s
«18472E-10
«18413E-10
«183S53-10
«»18294E-10
«1823SE~-10
«18176E~10
«18118E€~-10
«180S9E~10
«18001E~10
«17343E-10
«17385E-10
«17828E-10
«17770E~-10
«17713E-10
«17656E~-10
«17599%€~-10
«17542€~10
«17486E-10
«17429E~-10
«1737T3€E~10
«17317E~-10
«17261E-10
«17206E~10
«17150€~10
«17095€E~10
«17040E~10
«16985£~-10
«16330E~10
«16876E~10
«16821€E-10
«16767€~10
«16713E~-10
«16659E~10
«16605€E~10
«16552€-10
«16498E-10
«168445€~-10
«16392€-10
«16339€E-10
«1628T7E~-10
«16234E~10
«16182€-10
«16130E-10
«16078E~-10
«16026% =10
«15974E~-10
«15923E~-10
«15871€E~10
«15820€~10
«15769E~-10
«15718E~10
«15668E~-10
«15617€E~10
~15567€~10
«15517€-10
«15867E~10
«15417€~10
«15367E-10
«15318E~10
«15268E~10

TH230
«l11T776E-07
«11596C-07
«11415E~07
«11238E~07
«11065€-07
«10894C-07
«10726E-07
«10560€-07
«10397E-07
«10236E-07
«10078E~-07
«99225¢€~-08
«97692E~08
«96183€~08
«94698€-08
«93235E-08
«91795E~08
«90378E-08
«88982E-08
«B7508E-08
«B6254E-08
«849522¢-08
«B83611€~-08
-82320E-08
«B1048E~08
«~719797€E~-08
«T8S64E-08
«17351€~-08
«76157E-08
«T74981E-08
«73823€£-08
«72683E~-08
«7T1560€-08
«10456E-08
«69368€~-08
«68297E-08
«6T7242E-08
«66204E~-08
«65182€-08
«68176E~-08
«63185€~08
«62209€-08
«61249%E~-08
«+60304E-08
«59373€-08
«58457€-08
+STSSeE-D8
«56666E~08
«55792€-08
«54931E-08
«5¢083E~-08
«53249€E~-08
«52427€-08
<S1619€~-08
«50822€-08
«500397-08
«49267E-08
«48507€-08
«877S9€-08
«AT023E-08

RA22s
«2829%€-0S8
«27904E-05
«27594E-05
«27248E~-05
«26906E-05
«26570€-05
«26237€-0%
«25909€-05
«25586E~05
«25266E-05
«24951€-05
«24601C-05
»24334E-05
«24031E~-05
«23732€~05
«23437¢-05
«23147€-05
«22859E-09%

22576E-05
«22297€-05
«22021E-05
«21748E~05
«214B0E-05
«21215£-05
«20953E-05
«20695€~-0%
«20440E-05
«20188E-0S
.I9’QOE-05
«19695E-05
«19453€~-05
«19214E-05
«18979E-05%
«18746E-05
«18517€-05
«18290E-05
«1B06TE~0S
«17846E~-05
«1762%E-05
«17414E-05
«17202€~05%
«16992€E-05
«16786E~-05
«16582E~-05
«16380E~-05
«16182E-05
«15985€-05
«15792e~05
«15601E~05
«15412€-05
«15226€E-05
«150842E-05
«14861E~-03
«14682E~05
«14505€~035
«14330€-05%
«14158E-05
«13988E-05
«13820£~05
«13654E-05

.
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850963,
852625,
B5439),
856159,
857928,
859689 .
861855,
863220,
864385,
866750,
868516,
Brozsl.
BT12046.
873812,
IS5,
8771382,
arsior.
BB08 T3,
B82633,
BBAND).
886168,
BB,
B8I699.
BI1vEN .
893230,
8949395,
8967460,
896525,
90029 .
902056 .
903821,
9055686,
J0r3%52.
909117
910882,
912648,
914013,
916178,
917963,
919709,
92148,
923239,
925005 .
9261170.
928535,
930309,
932066.
933431,
935596,
9371361
939127,
940892,
942657,
44023,
946188,
947953,
949718,
95148s,
953249,
955014,

PU242
«5612%L-10
«56129€~10
+56129E-10
«56129%€~-10
«36129E-10
«56129€~-10
«956129%€-10
«56129C-10
«5612%E-10
«56129€~-10
«956129E~10
«56129E~-10
«5612%€~10
«56129€E-10
«56129C~-10
«56129E~-10
.56129"‘0
«56129E~-10
«56129€~-10
«56129€E~-10
«56129€E~-10
«956129E~-10
s2al29€~10
-7+ 129C=-10
«3512%9E-10
«56129€~10
«5612%€-10
+56129€-10
«56129E-10
«56129E~10
«56129E~-10
«56129€E~-10
«56129E~-10
«956129€~-10
«56129€-10
«56129€-10
«56129E~-10
«56129€~-10
«36129€~10
«96129E~10
«56129€-10
«56129C~10
«56129E-10
«56129E-10
«56129€-10
«36129€E~-10
«56129€~10
«56129¢€~-10
«56129€~-10
«56129Z~-10
«56129€~-10
«56129%-10
«56179€~10
«56129€~-10
«56129E~10
«56129€~-10
«56129€~10
«56129€E~-10
«56129C~-10

«56129E~-10.

U238
«15732€-09
«15681E~09
«15631€-09
«15580€~09
«15530€~-09
.156905-09
«154 30E-09
«15380E-09
«15331E-09
«15281E-09
«15232E-09
«15183€-09
«15134E~09
«15085E-09
«l5037€~09
«149882-09
al.’.“t"’
«14892€~-09
«18844E-09
«14796E-09
«1ATA8E~09
«1ATOL1E~-D9
«14653E-09
«14606€=-09
«14559€-09
«14512€-09
«14465E~09
«14419E-09
«14372E~09
«14326E-09
«14280E~09
«184234€-09
«1418BE~09
.111025-0’
«18096€-09
«14051€-09
«14006E-0D9
«13960€-09
«13915£-09
«13871E-09
«13826€E~-09
«13781€~-09
«137376-09
«13693E~09
«13648E~-09
+13604E~09
«13561€-09
«13517€-09
«13473E-09
«13430E~09
«13387€-09
«133437-09
«13300€~09
«13258E~09
«13215€-09
«13172€-09
«13130€~09
«13087E-09
«13045€-09
«13003E~09

0.
Q.

PU238

U234
«15219€-10
«15170€E~-10
«15121E~-10
«15024€C-10
«14975€~-10
«14327€-10
«14879E~-10
«14831E-10
«14783~-10
«14736E~10
«14588E~10
«14641E~-10
«14594C~10
«1AS8TE~10
«14500€~-10
«14A53E~-10
«14406E-10
«14360€~-10
«14314E-10
«14267E~10
«14221E-10
«18176E-10
«18084E~-10
«14039€E-10
«13994€-10
«13749E-10
«13904€E~-10
«13859€E~-10
«13814E-10
«13770E-10
«13725€E~-10
-13681€~-10
«13637E-10
«13593€-10
«13549E-10
«13505€~-10
«13862E-10
«13419E~-10
«13375E~-10
«13332€~-10
«13289€-10
«13246E~-10
«13204€C~10
«13161€~-10
«13119€~-10
«13076E~-10
«13034E~-10
«12992€~-10
«129S0E-10
«12309€~-10
«12367€~-10
«12825€E~-10
«12784E-10
«12743E~10
«12702E-10
«12861E~10
«12620€E~-10
«12579€~10

TH230
«%6298€E~08
«45585€-08
«%4882€~-08
«%8191€-08
«43510E-08
«42840E-08
«42180€~08
«41530€~-08
«40891€~-08
«40262€~-08
«39642€E~-08
«35032E-08
«38432E~08
«37841E-08
«372%9€-08
«36687E~-08
«36123E-08
«35569€~-08
«35022€-08
+34485E~-08
«33956E~08
«33435€~-08
«32923E~-068
«32418€-08
«31922€-08
«31433E-08
«30952€-08
«30879€-08
-30013C~-08
«29555E~08
«29104E-08
«28660E-08
«2R223E-08
«2T793E~-08
«271370E~-08
«26953E-08
+26540E~08
«261431E~-08
«25TA0E-DB
«25354€E~08
«24970E-08
«24592€-08
«24220€E-08
«23855€~-08
«23495£-08
«23141E~-08
«22793E~-08
«22451E-08
«221150E~08
«21783E~-08
«21457E~-08
«21137€-08

«20821€-08

«20511E~08
«20207E-08
«19907€-08
«19612€~-08
«19322E-08
«19037€~08
«18757€E~-08

RA226
«13491E-05%
«13329€~-05
«13170C~-05
«13012€-05
«12857€~-09%
«12703E-05
«12552€-05
«12402E-05
«122S55E-05
«12109€E-05
«11965€-05
«11823E~-05
«11683E~-05
«11540E-05
«11408E-05
«11273E-0%
«11139€-05
«11008E-05
«10878E-05
«10749E-05s
«10623€-05
«1049BE~05S
«10374E-05
«10252€-05%
«10132€-05
«10013E-05
«9895TE~-06
«97798E~-05
«96653€-06
«955230~-06
«94407€-08
«93305€-06
«92216E-06
«911426~06
«90080E-06
«99032E-06
«97997C-06
«86975€~-06
«85966£-06
+B4969€~-06
«03984E-06
«93012€-06
«92052€-06
«31104E-06
«B0167E~06
«719242€~06
«T18328C-06
«TT426E-06
«16535E6~06
«15654E-06
«TATBSE-06
«13926E~-06
«73078E~-06
«12240E~086
«T1412E-06
«TOS94E~06
«69787€E-06
«68989E-06
«68201E~-06
«67422E-06
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956179,
958545,
960310,
962075,
963341,
965605,
961311,
969136,
9710%02.
912667,
74032,
976198 .
911963,
919128
981493,
83259,
985024,
J8678)%.
988554,
990320,
992085,
993850,
99%616.
9371381,
9991 46.

1000311,

CH246

PU2s2
«5612%E~10
«5612%€-10
«56129C~-10
«56129E~-10
«56129%E~10
«36129€E~10
«56129€E~-10
«56129E~-10
«56129€~10
«56129€-10
«56129E~-10
«956129€~-10
«26129E-10
«56129€~-10
«56129C-10
«56129€~10
«36129C~10
«56129E-10
«96129€-10
*+356129€E~10
«56129€~10
«56129€~10
«26129€~-10
«56129€~-10
«56129k~-10
«5612%-10

U238
«12961E~09
'e12920€-09
«12878€~09
«12836C~09
«127195E~09
«l2754E~-09
«12713E-09
«126720~09
«12631€-09
«12590E-09
«12550€-09
«12509€£-09
«12469€~-09
«12429E-09
«12389€~09
«12349E~-09
«12309C~-09
«12269E-09
«12230€E~-09
«12190E-09
«12151€E~-09
«12112E-09
«120713E~-09
«12034E-09
«119¢5E-0°
«11956E~-09

U234
«12539€-10
«12498E~10
«12458E-10
«12418E~10
«12378€-10
«12338E-10
«12298E-10
«12259€~16
«12219%€E-10
«12180€~10
«12141E-10
«12101E~-10
«12062€~-10
«12023%-10
«113856~10
«11946E-10
«115%08€~-10
«11869E~-10
«11831€E~-10
«11793€-10
«1175S€E~-10
«11717E-10
«11879E~-10
«11641E~10
«11604£5-10
«11567€~10

TH2Y0
«18482C-08
«18211E~-08
«17945C-08
«176R3E~-08
«178426E~08
«17174E-08
«16925€-08
«16681€-08
«16441E-08
«162055-08
«15974E~-08
«15746E-08
«15523€-08
«15303€-08
«15087€E-08
«184875€-08
«1066T7E-08
«18463E~-08
«14262€-08
«14065E~08
«13871E~08
«13681E-08
«13435€-08
«13312€-08
«13132E~-08
«12956E-08

RA226
«6LESIC~06 .
«65893E-06
«65143E-06
«EAN01C~086
«63669C~-08
0‘2,‘“‘.‘
«62230E-06
«61524E~08
«60826E-06
«60136E~06
«59455E-06
«58782e-06
«58117€E-06
«57459E-06
« LA10E-06
«56168L~06
*355)34C-06
«54907E~06
«54288€-06
«536T76E~-06
«53072€-06
«S2474E-06
«518836-06
«51300€-06
«50723E-06
«50153E-06






Sample Problems 5A, 58, 5C, and 5D: Time Step Differences,

Analytic Solution

Probiem 5 has four parts. The purpose of 5A-5C is
to demonstrate the effects that different time steps have on DVM
output. In each case the space step is 600 ft. In part 5A we
allow (as in the previous sample problems) the subroutine DXDT to
determine DT. The resulting value is DT = 2500 yrs. In 5B we
force a “ime step of 8000 yrs and in 5C a time step of 50 yrs.
This is done by entering the appropriate DT-values on the DVM
control card, BC(15). Problem 5D executes the analytic solution
on the same transport problem. This is done mainly for comparison

purpeses.

Problem 5 uses a modification of the borehole
scenario of problem 4. Flow through the-borehole is assumed to
access a single waste cavern rather than the entire depository.
The typical room size is 18 ft x 18 ft x 560 ft. Thus, leg 13 is
shortened to 600 ft so that source length is comparable to room
size. In this instance we move legs 10 and 12 up-dip 7400 ft. As
a result, the lengths of legs 2, 3, 6, 7, 10, 12 and 13 and the
elevations of junctions 5 and 9 need to be adjusted. These are
accomplished with the use of the dip angle.

The cross-sectional area of leg 13 is
560 ft x 18 ft

10080 ft2.

AREA(13)

"
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The porosity of leg 13 is assumed to be .3.

For simplicity a one member decay chain is transported. We
create an isotope, AA100, that is quite stable over 105 yrs,
i.e., we assign a half-life of 1020 years. It is arbitrarily
given an initial inventory of 1000 ci and a KD of .3 ft3/1b.
Leach time is 20000 years and dispersivity is 100 ft.

Problems 5A through 5D are executed in a single NWFT/DVM run
using 4 data sets. Data set 1 is for problem 5A and i$ described

in terms of changes to problem 4 (Table 11-SP).

BC(1) A different title.
SAMPLE PROBLEM NO. 5§

BC(5) The cross-sectional area of leg 13 is set to 10080 ftz.

BC(6) Altered leg lengths are

legs 2, 6, 13 length = 600 ft

legs 3, 7 length = 45400 ft
leg 10 length = 592.24 ft
leg 12 length = 507.76 ft

BC(7) Altered junction elevations are

Junction § elevation = 3407.05 ft

Jjunction 9 elevation = 2207.05 ft
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BC(8) Porosity of leg 13 is assigned 0.3.

BC(12) The number of isotopes is 1 so only one description card
is required. It contains

atomic mass = 100

isotope name = AA100

component # = |

number of parents = Q

half-life = 1020 yrs

3

initial inventory = 10° ci

BC(13) Distribution coefficients for AAIQ0 are 0 in legs 13 and
12 and .3 ft3/lb in legs 7, 8, and 15.

BC(14) Leach time is 20000 years and dispersivity is 100 ft.
BC(15) This is to be a leach-limited run with automatic space and
time step determination. Thus a blank suffices here. As a result
the BC(16) and BC(17) cards are not input.
BC(18) Set TUB = 10° years.

Data set 2 1s for problem 5B.

Entries 1 and 15 of the INP array are set to 1 so that the option

and DVM control cards are reread.
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BC(2) Set options 6 and 7 to 1 to suppress duplicated network

output.

BC(15) Set DX = 600 ft and DT = 8000 years.

BC(18) Set TUB = 10° years.

Data set 3 is for problem 5C.
Entry 15 of the INP array is set to 1 so that the DVM control card

is reread,.

BC(15) Set DX = 600 ft and DT = 50 years.
BC(18) Set TUB = 105 years.
Data set 4 is for problem 5D.
Entry 1 of the INP array is set to 1 so that the options card is
reread.
BC(2) Set options 6, 7, and 13 to 1 and the remainder to zero.

BC(18) Set TUB = 10° years.

Graphical displays of discharge rate vs time are depicted in

Figure 9-SP. Recalling the discussion of problems 3A and 38 an
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analytic solution using a constant source boundary condition
should form a good basis for comparison to the DVM model for
5A-5C. This is true mainly due to the fact that the source length
(600 ft) is small compared to the length of the migration path
(147308 ft).

Thus problem 5A represents the best numerical (DVM) solution
to the transport problem. Problem 58 suffers from inadequate
curve resolution. Problem 5C exhibits numerical dispersion.

In terms of computation time if we let T = execution time

required by problem 5A then

1/2 T  execution time required by 5B and

21T execution time required by 5C.
These estimates are based on a count of the numerical operations

required for each probiem. Code cutput .is contained in Table

12-5SP.
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Figure 9-SP. Discharge Rates vs. Time
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for Problem 5
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OPTIONS 140 2,0 3,0 4,0+ 5,0 6 7.0 8,0

NUMBLCR OF 1SOTOPES i
ISOTOPE NANE HALF LIFE C(YEARS) INITIAL AMOUNT «(CI)
AAlGO 1.000€+20 1.000E+0)
LEACH TINE = 2.000E«04 YEARS OISPERSIVITY = 1.000E+02 FEETY
NO OF VECTORS = 0 TINRE UPPER BOUND = 1.00€E%0%

Table 12-SP. Sample Problem 5 Output
(Pages 169 through 214 inclusive)

-691~
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JUNCTIONIL (LEGS T-8-14) =  1719.67 FT
JUNCTIONLI2 (LEGS B-15) = 425.89 FT

LEG PROPERTIES 1

LES 1 LENGTH = 1.45E+04 FT

SEIIT AREA = G6.00E+06 FTes2

P

it

sesscncsas
- .
* DUTLET «
. .
sesasnnane



7 4

rusesiTY

ROCK ODENSITY
FLUID QENSTHTY
FLUID vIscostvy

Lol9C+02 LB/FTee}

v 6230401 LB/FTea)

1.00E+00 CpP

LEG PROPERTIES

LEs 2

LENGTH

ARER
CoNDUCTIVITY
POROSITY

KROCK DENSITY
FLUID CENSITY
FLUID viscostry

LU B L T L AT

6.00E%02 FY

6.00E206 Flee2

1.83E+08 FT/YR
«3000

1196402 LB/Free)

6.23E+01 LB/FTee)
1.00€+00 cp

LEG PROPERTIES

LEG 3 LENGTH
Sharsnan AREA
CoONDUCTIVITY

POROSITY

ROCK DENSTITY
FLUID DENSTITY
FLUID vIscoSITy

LUS LIS B LI T T 1)

A.54E«08 FT

6.00E+06 FTee2
L.83E+04 FI/YR
«3000

1.19€402 LB/FTeey

6.23E+01 LB/FTen}
1.00E+00 cP

LEG PROPERTIES

LEG o LENGTH
L AREA
coNoucTIvITY

POROSITY

ROCK DENSITY
FLUTD DENSITY
FLUID viscosiry

LU L LU I DO L 1)

1.00€E+05 FT
E.00E06 FTee2
L.83E+04 FI/YR
-3000

1.19€+02 LB/FTee}
6.230401 LB/FTea}
1.00E+00 cP

LEG PROPERTIES

LEe S LENGTH
L AREA
CONDUZT4VITY

FUROSTTY

ROCK DENSITY

FLUID DENSITY

FLUID viscostry

LU LI L (O LA T )

1.455404 F7Y
1.80E+06 FTas2
L.AGE«08 FT/YR
«3000

Lol9E+02 LB/FTeny

6.23E90) LB/FTee}
1.00€E%00 cP

LEG PROPERTIES

LEG &

LENGTH

ARER
CONDUCTIVITY
POROSITY

ROCK OENSITY
FLUID DENSITY
FLUID viscostTy

LU LA U L T T 1)

6.00E+02 FT
1.80E+06 Fleas2
1.46€E+08 FI/YR
«3000

1419€+02 LB/FTeu}y

64230401 LB/FTean)
1.00E+006 CP

LEG PROPERTIES

LEs 7 LENGTH
Arsrenan AREA
CONDUCTIVI VY

POROSITY

ROCK DENSITY
FLUID DENSITY
FLUID vIsScosiTy

LU L A LA D [ 1)

A.54E+04 FY
1.80E+06 FToe2
1.46E+08 FT/YR
«3000

1.19€402 LB/FTea)
64236401 LB/FTee}
1.00E+00 cP



2L

LEG

LEG 9

LEG 1D

LEG 11

LEG 12

SR A nnnn

LEG 13

LEG 19

LENGTH = 1.00E+05%

AREA = 1.B0C+0&

CONDUCTIVITY = 1.46C+04
POROS1ITY = <3000

ROCK DENSITY = 1.19E6+02

FLUID DENSITY = 6236401

FLUID VISCOSITY = 1,.00E+00

LEG PROPERTIES

LENGTH 6.00L%02

AREA 1.00E+00

CoNDUCTIVITY S«48E-04
POROSITY <0300

ROCK DENSITY
FLUID DENSITY
FLUID viIsScCosITy

T.N0E«Q)
1.43E¢00

LEG PROPERTIES

LENGTH = $.928+02

AREA = 1.00E+00

CONDUCTIVITY =  3.656+03
POROSITY = «1500

ROCK DENSITY = 1.45E+02

FLUID DENSITY =  7,.02E+01

FLUID VISCOSITY = 1.27€+00

LEG PROPERTIES

LENGTH =  S,00E+02

AREA = 1.00E«00

CONDUCTIVITY = §,100-04
POROSITY = <0300

ROCK DENSITY = 1,6%+02

FLUID DEKRSETY = T7.40F+01)

FLULID VISCOSITY = 1.436+00

LEG PROPERTIES

TENGTH = S.08£+02

AREA = 1.00E00

CONDUCTIVITY = 3.65€+03
PORODSITY = <1500

ROCK ODENSLTY = 1.45F¢02

FLUID DENSITY =  7,40E+01

FLUID VISCOSITY =  1,.43E+00

LEG PRUPERTIES

LENGIN = §£.000+02

AREA = 1.01E+04

CONDUCTIVITY =  3.65E+03
POROSITY = -3000

ROCK ODENSITY = 1.19€+02

FLULID DENSITY = TJ.80E+D1

FLUID VISCOSITY = 1.43C¢00

LEG PROPERTIES

LENGTH = 1.10€+0)

AREA = 1.,00E+00

CONDUCTIVITY = S,736-04
POROSITY = <0300

kT
Flee2
FI/YR

LB/FTese)
LB/FTee}
ce

FT
Flee2
FTI/YR

1«65E402 LB/FTas}

LB/FTaal
ce

T
Flee2
FT/ vk

LB/FTeel
LB/Fiee}
ce

FT
Flea2
FI/YR

LB/FTeea)y
LB/FTeel
ce

FT
FTaa2
FT/YR

LB/ Tea}
LB/FTea)
ce

FT
Flas2
FIZYR

LEB/FTee}
LB/FTesy
cp

FT1
FTae2
FI/YR




FLUID OUENSTIY = 7,000 et} LU/ iea)
FLUID viscosity = L«43s00 Cp

» .

LEG PROPERTILS

LEG 1S LENGTH L10E«0) FY
“renanna AREA 1.20€E+08 #Te0s2
CoNQuUCTIwmITY 9.13€+02 FT/VYR
FOROSITIY « 3000

ROCK DENSITY
FLUID pENSTITY
FLULID viscoslivy

1190402 LB/FToe}
6.23L %01 LB/FTee}
1.00E+00 cpP

LU L TINE O LA T )

DISTRIBUTION COLFFICIENTS BY LEG AND BY ISO0T0OPE

ARiIOO
LLte1y e
Ltel12 0.
e 7 -« 30000E«Q0
LLe 3 « 3600000
LEGLS «3J0000Ee00

HETANDATION FACTORS BY LEG AND BY 1SovoPE

AAYIODD
LEGLS « 100005401
LEGL2 «10000E+~01
tte 1 «12000E+D3
LeG 8 «12000E+03
. LEGLS «12000€+03
»
LEG NO. “LOW VOL. DARCY VEL. PORE VEL.
(CU FT)/DAY FI/0AY FT’DAy
1 3.88E+06 6.8%7E-01 2.16E+00
2 J.68E«06 6.4T7E-01 2.16E+00
3 J.88E+08 6.47E~01 2.16E£+00
4 3.88E+06 6.47E-01 2.16E+00
2 b0 ELe0S J.66E~-01 1.22E+00
6 6.58E+05 3.66E~01 1.22€+00
1 6.58E+05 J.66E-01 1.22€+00
8 6.58E+05 J.66E-01 1.226+00
9 -1.220~07 ~T.22€~07 ~2.41E~05
10 ~4.87E+00 -4 .87€+00 =3.24E+01
11 ~8.09€~-07 ~8.09€€~-07 -2.T0E~-05
12 =4 .87E«00 ~4.8TE+00 =3.24E€401
13 ~8.79C¢-08 ~8.72€~12 =2.91E~-11
14 -5.83~-07 ~5.83£-07 =1.94E~-05
15 6.58BE+058 S«48E~03 1.83€~-02
TOTSL PAYH LENGTH (FT) = 1.4761E«05
FROM DEPOSITORY MIOPT (FT) = 1.4731E08
AVERAGE FLUID vELOCITY (FI1/72v) = 1.%695€+02

THE SPACE STEPesscsscssaccasne DX = 6.00000E¢02 FT
THE TIME STEPececsccnscnnscns 0T = 2.50000E«03 Y
NO OF SOURCE BLKSesescsacases NSB = 1

VELOCITIES AND PRODUCT ION FACTORS FOR EACH SUBCHAIN CONSIDERED
DAUSHIER PARENT(S) AVERAGE wvEZLoCITY

DECAY/PRODUCT ION FACTOR(DT) COURANT NUMBER
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o A

1L A LI

S000. 0.
1500, 0. . ¢
10800, 0.
12500. 0.
15000, @.
171500, 0.
20000, 0.
22500 0.
25000. 0.
27500. 0.
30000, 0.
32500. 0.
35000, 0.
3i1500. 0.
40000, 0.
42500, 0.

45000. «51656E-29
47500, «ITSINE-1T
50003, «57348E-11
525¢00. «12927E-07
$5000. «14855€~-05
60000, «81358E-~09
62500. «12638L~-03
65000, «13629€-03
67500, «13697E-03
T0000. «136995-03
12500, «13697E~-0)
15000. «13554E-03
17500, «11511€~0)
80000, «55599E-00
82500. «10650E-04
85300. «T00%96E~06
87500. «15153€E-07
90000, «10824E-09
92500, «21656E~-12
95000, «12389€~-15
971500, «16709E~-19
1eca00. «A0943E 29

OPTLIINS 1,0 2,0 3,0 Y00 5S40 641 T,1 8,0 940 1040 11,0 12,0 13,0 14,0 1540 16,0 17,0 18,0 1940 2040 21,0 22,0 23,0
NO OF VECTORS = 0 TIME UPPER BOUND = 1.00€E+05

THE SPACE STEPescacsvacncnanns
THE TIME STEPessccscacsascse.
NO OF SOURCE BLKSeessssasssne

ox
or
NS8

6.00000E%02 FT
B.00000E+03 ¥

VELOCITIES AND PROGUCTION FACTORS FOR EACH SUBCHAIN CONSIDERED

DAUSHTER PARENT(S)

AAl g0 (DECAY)

AVERAGE VELOCITY

«24753E+01

DECAY/PRODUCTION FACTOR(DT) COURANT NuMasn

«10000E+01 «33137€E%02



toAn
16000,
24000,
32000.
40000,
28000,
SE000.
64000,
T2000.
#0600,
85000,
96200,
108000,

NO OF VECTORS = 0 TIME UPPER BOUND

VELOCITIES AND PRODUCTION FA&

DRUSHIER

AAL OO

«49058E -05
«13490E~-03
«13453E-03
«6T7082E-00
«10419E-05
°.
0-

= 1.00E-05

THE SPACE STEPesssccacnssasns ox
THE TINE STEPseesccscccncccas or
NO CF SOURCE BLKSesssscncasas NSB

PARENT(S)

(DECAY)

6.N0000E%02 FT
5.00000E%01 v
1

CTORS FOR EACH SUBCHAIN CONSIDERED

RVERAGE vELOCITY

«24753E+01)

DECAY/PRODUCT ION FACTOR(DT)

«10000E~01

COURANT NuNBsR

«20710Z+00
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=581~

L T
28108,
24150,
24200,
24250,
243500,
24350,
280500,
28050,
24500,
24550,
24600,
24650,
24700,
267150,
24300,
24850.
24900,
29950 .
25000,
25050.
25100,
25150,
25200,
25250,
25300.
25350,
25800,
25450.
25500,
25550,
25600,
29650,
25700,
25150.
25800.
29950.
25900,
25350,
26000,
26050,
26100,
26156,
26200.
26250,
26300,
26350,
26400,
26850,
26500,
26550,
26600,
26650,
26700,
26150,
26800.
26350,
2u900.
26950,
27000,
27050«

ALLDO

«162365-40
«23911E~-40
« 350245 -40
«512120~-40
« INI55E~-40
«10894E~-39
«15848E-39
«23016E~-39
«33371E-39
«48303E~-39
«69803E~-39
«10071E~-38
« 195056 ~38
«20859€~-38
«29947C-34
«42926€~-38
«618431E-28
«B871715E~-38
«12522€-37
«17835€-37
«25364E~-37
«36015€~-37
«51059€-37
« 12276E-317
«10215€E~-36
«18416E-36
«20314E-58
«28582E-36
«8A0155E-38
«56330E-36
« T8904E~36




=981~

TLAR
211060,
21150,
21200,
27250,
27500,
21350,
2Is00.
21450,
21500.
21550,
21600,
276%50.
27700,
21750,
21seo.,
21950 .
21500,
271950.
28000,
2805¢C.
28100.
28150,
28200,
28250.
28300,
28350,
28800,
28050,
28500.
285%50.
28600,
28650.
28100,
28750,
28800,
2B350.
28900.
28950,
29000.
29050«
29100,
29150«
249200,
29250,
29300,
29350,
29400,
29450.
29500,
29350,
29600.
29650.
29700.
297150,
29300,
29850.
29%00.
29950,
Joooo.
30050.

AAlDO
«11036L0~-35%
«15418E-35
«21496E€~35
2 29936E~-35
«416290-35
«STBOBE-35
«BO155E~-35
«11100E-34
«153485-394
«21133E =34
«29223E~34
«40239E~-34
«95333€-34
« 7598%E-34
«10420€~3)
«18270E-3)
«19517E-33
«26656£-33
«36339C-33
«49528E-3)
«6T377E~33
«91540E~-33
«128020E-32
«16831E-52
«221T65~-32
«30786E~32
«415570-32
«56025E~-32
« 154340-32
«10184E~31
«13624E-31
«18275€-31
«20484E-3)
«32762E~31
«A3784E~-31
«58403E-3)
«T1916E~-31
«10375E~30
«13799c~-30
«18330E-30
«24320E-30
«32230E-30
«42662E~-30
«56405E-30
«TANBTE~-3O
«98251E~30
«129456-29
«17035E-29
«22393E-29
«29402€-29
«JB562E-29
«50517E~29
«66106E£-29
«B6407E-29
«11282€E~-28
«1AT1AE~28
«19169E-28
e24946E-28
«32428E-28
«42108E-28




-(Bi~

1 oad
30100,
30150,
30200,
38250.
30%00.
303%0.
3osro00.,
30450,
30500.
30550,
30600,
30550.
30700.
30153,
30800,
Josso,.
36300.
30950.
31000,
Jloso.
Jii100.
J1150.
31200.
31250,
31300.
31350.
Jiso0o0.
31850,
31500.
31550.
3le"0.
31550,
31700,
31750,
31800,
31850,
J1%00.
31950,
3J2000.
32050,
32100.
32150.
32200.
32250,
J2%00.
32350,
328006,
32450.
32500.
32550.
32600,
32650.
327100.
32150,
32900,
32550.
32900.
32950.
3soo00.
33050.

Akluy
«54620L-28
«TUTI2E~-24
«91604E-28
«l1BANE~27
«15298E-27
«19738E~-27
«258800-27
«32780E-27
«42129£-217
«54130E-27
«698478E-27
«B3087E-21
«11411€-26
«1A602E-26
«1866T7F-26
«23B3BE-26
«30812E-26
«38759E-2¢
«49350€-26
«B2T11E-26
«19765E~26
«10126E-25
«12842£-25
«16271E-25
«20596E£-25%
«26045E =25
«32905E~-25
«A1531E-25
«52369E-25
« 65973025
«830335-25
«10881E-20
«13116E£-20
«16462E-24
«206425-24
« 25859 -29
« 32366524
«A0ATIE~20
«50565£-24
«6310TE-24
«TBTL3E-20
«IB0TEE-24
«12209€-23
«15186E£-23
«18871E-23
«23429€-2)
«29064E-23
«36023£-23
«843608L-2)
«551926-23
«68229E-2%
«B84273c-23
«10400£-22
«12824E£-22
«15799€-22
«1944BE-22
«23920E~22
«29395¢£-22
«36094E-22
«44283E-22
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Y AR
35100,
331%0.
33200.
33250.
33500,
33350.
33%00.
33 50.
33500.
33550.
33500.
33550.
33700.
33750.
35R00.
33450.
33%00.
337950.
38000,
34050,
37100,
38150.
34200.
38250,
38300,
3a350.
38003,
38 50.
32500,
34550.
34600,
38650,
36700.
38750,
3as00.
34850.
34300,
34350.
35000.
350%0.
35100.
35150.
35200,
3n250.
35%309.
35350.
35800,
35450.
355%00.
35550.
35600,
J5650.
35700.
35750.
35800.
35850,
35900.
35950.
36000,
36050.

AAl100
«24285E-22
«66491E-22
«B1376£~-22
« 995118 =22
«12189E-21
« 1848858 -21
«18109E~-21)
«22074E-21
«268B85E-21
«32718E-21
«39786E~21
«48343e-21
«S58694E-21
«71206E-21
«86318£-21
« 104568 ~-20
«12655E~20
«15305€-20
«18497E-20
«22336E~-20
«26953E~-20
«32498E~20
« 39156 -20
«AT182E-20
«56714E-20
«6B179€-20
«81902€-20
«983136~-20
«117936-19
«14135E~19
«16930E-19
«2026AE-19
«24236E-19
«28966E~-19
«J4594E-19
«A1287F-19
«49239E-19
«SH6B2E~19
«69885€-19
«B3170E~-19
«98911E~-19
«11755E~18
«139606~18
«16568E-18
«19649E-18
«23287c-18
«271580F-18
«32682E~-18
«3B606E~18
«45631E~18
«53896E-18
«63617E-18
« 150408 ~18
«88A57C~18
«10820E~-017
«12267E-17
«18432E-17
«1696T7E~17
«199356~-17
«27807E-17

e A

nerL

vt umi



-681-

Y. AR
361060,
6150,
36200,
36250,
36300,
36150,
36400
36450,
36500,
36550,
36500,
36650,
Mal00.
36150,
36300.
36850,
36300,
36950,
31000,
3r0%0.
3T100.
37150,
72004
31250,
31300,
371350.
31s00.
3IsS0.
31500.
31550.
31600,
31650,
37100,
317150.
3TA00.
31850,
3r300.
31950,
38000,
38050,
38100.
3B150.
38200,
38250,
38300.
38350.
384 00.
38450,
38500,
38550,
Jé600.
3650,
J&700.
IATS0.
8800,
38850,
38%00,
38350,
3% 00.
3’0s0.

AMLGO
«2T465%€E~1 1
«322001E-17
o ITTASE~(Y
«44203C~-17
«S1T13SE-17
«60512E-17
«TOTIIE~-1T
«B2629E~17
«96465E-17T
«11255€E~-16
«JI123E-16
«192926-16
ell808E~16
«20726E-16
«28106E~-16
«28021E~-16
+32553E-16
«3T7794E-16
«43B52E-16
«50851E~16
«58931E~-16
«68255E~-16
«19006E-16
«91398E-16
«10567E~15
«12210€~-15
«14100E~-15
«162713E-15
«18770E~-15
«21638E-15
«24930E-15
«23706E~-15
«33034E~-15
«37994E~15
«ANBTAE~-1S
«50174E-15
«57609E-15
«66109€E~-19
«15820E-19
«B6909E~-15
«99564E-15
«11400E~-14
«13046E~10
«14920E~18
«17055C~-14
«19085E~1%
«222489E-14
«25391€~19
«2B962E~14
«33016E~14
«3761BE~14
«A2B3BE~19
«ABTSTE-14
« 554640 -14
«63061E~14
«T1660E~14
«BLIBYE~-10
«92390E~14
«10482€-13
«11887£-113



=061-

NRUE s L UL

Yi AR
3%100.
J%150.
3%200.
39250.
39300.
39350.
J9%s00.
39450,
39500,
39550.
39600.
31650.
3%r00.
J9150.
3%300.
39890.
39%00.
399%50.
A0000.
40050,
s0100.
40150,
40200.
AG250.
40300,
A0350.
40000«
40550,
40500,
40550.
40600.
20650,
40700,
40750,
A0500.
40850,
40900,
A0950.
41000.
41050,
41100.
‘1150,
41200.
41250,
41300,
41350 .
41400.
AlM50.
41500,
41550.
41500.
A1650.
41700,
A1750.
A1%00.
41850 .
s1900.
41950,
A2000.
42050.

AALOD
«134736-13
«152627-13
«17280E-1)
»19555E~1)
«22118E~-113
«25005E~13
«2B254E-13
«3190BE~-13
«36018E-13
«40636E~13
«45824E~13
«51648E-13
«58183E~-13
«65513E~-13
«T3730E-13
«B2931E~-13
«93247E-13
«10879E~-12
«11770€E~12
«132145-12
«18828E~-12
«16631E~-12
«10645E~-12
«20892E-12
«23399E-12
«26194E-12
«29309E~-12
«32780E-12
«366480~12
« %0944 -12
«45728E~12
«51047€E~-12
«56958E-12
«63524€~-12
«TORLSE~12
«TB907E-12
«87882E~-12
«9TBISE~12
«10886E~-11
«12108E-11
«134616-11
«18959€~-11
«16615C~-11
«184470-11
«204T1E-11
«22708E~-11
«25178E~-11
«271904E~11
« 30912511
«342296-11
«AT8R6E~-11
«41915E~11
«4hR352E-11
«512376-11
«56613E~-11
«625268-11
«69026E ~11
«16171E~-11
«84019E-11
«92636£-11

DN LRI

HA L

tCi7uan)



~16i-

L R I YT 11

Y AR
42100.
42150,
2200,
42250,
42300,
42350,
42400,
42450,
€2500.
42550,
42500,
42450.
42700,
42150,
42300,
42950 .
42900 .
42950 .
43000,
43050.
A3100.
A3isS0.
432400,
43250.
43300,
43350,
A5%00.
43450,
43500.
43550,
43500,
43650.
AsT00.
“3150.
3800,
43450.
43%00.
43950,
s8000.
48050,
4%100.
44150,
AN200.
46250,
44300,
44350,
44300,
48850,
4V500.
44550,
AN500.
44650 .
44700,
A87150.
44800,
44850,
449500,
44950,
45000.
45050.

AAlLODO
«10209E~10
«112476-20
«12385E~-10
«13632€-10
«18999E-10
«16496E-10
«18i35%€~-10
«19929E-10
«218%1E~-10
«28036E 10
«26381E-)0
«2B942E-10
«31740E~-10
«3aT794E~10
«358126E-10
«Al761E~10
«A5724E-10
«50043E-10
«54745E~10
«598713:-10
«658451E~10
«11521€-10
«78123E~-10
«B85301E~-10
«931026-10
«10158E-09
«11078E~-09
«12017E-09
«13161E-09
«184337E-09
«15613E-09
«16995L-09
« 184326 -09
«20114E-09
«21869E~09
«23169E-09
«25825E£-09
« 2B 048E-09
« 50450E-09
«335047E~09
«35851€E-09
«3BBT19E-09
«42187E-09
«A56T3E-09
«A98TTE~09
«535717E-09
«571937E-09
«62758E-09
«67885t-09
« 13405E-09
« 19346E-09
«B5737E~-09
«92609E~-09
«99997E-09
«10794E-08
«116%6E~08
«12562€-08
« 135450 -08
«14600£-08
«15732e-08

Bl madbt KAIE (ClzZoAY)



~261*

BADL GuUCLIDE DISCHAKGE RATE (CL/DAT)

YEAR
45100.
45150,
45200,
452%50.
45300,
45350,
45%00.
45450,
45500.
45550.
45500,
45650,
45700.
45750,
A5800.
45950,
453200.
45950.
46000,
46050,
AGl100.
A6150.
46200,
V6250,
A6300.
463%50.
46800,
46050,
A6500.
46550,
46600,
V6650,
A6GT00.
46750,
46800,
46950,
AG900.
46950,
Al000.
V1050,
AT100.
47150.
47200.
a12%0.
A73500.
47350,
ATs00.
47450,
A71500.
AT550.
ATGRD0.
Al650.
A7700.
AT750.
A7800.
41850,
47900.
47950,
48000,
48050,

AAloDO
«16945E~-08
«18246E-p8
«19640F-08
«21133L-08
«22732E~08
« 28403 -08
«262715E-08
«26238E~-08
«30328€~-08
«32568E-08
«34960f-08
«37516E-08
«40246E-08
«43159 -08
«V6E269E-08
«49586E-08
«53123E-08
+ 9568942 -08
«609128~-08
«65193L-08
«69752E-08
«TAG06E~-08
« 19712608
«85269€E-08
«91118E~-08
«97329€-08
« 10394507
«11095€~07
«L1BALE~-RT
«12633E~07
«13473E-017
«18365E-07
«15311E-07
«16314E-07
«l7317C~07
+18504€E-07
«19699E-07
«20963E-07
«22302E-07
«23719E~07
«252196-07
«26805€-07
«2BAB2E-07
«30255€-07
«32129€-07
«3%109€-07
«36199£-07
«3BA0TE-OT
«A0T3TE~07
«43195E-07
«A5789E-07
«A85235E-07
«51406E~-07
« 5848480 -07
«ST6A5E-07
«61016E-07
«6A566E-07
«&£3303E-07
«72234E-07
«16371E~-07



~E6l-

LLE RO R

TIAR
48100,
8150,
“a200.
48250.
s8300.
48350,
48800,
Y8450,
A85300.
A48550.
ABG00.
48650,
6700,
A8750.
485900,
88450,
AEP00.
48950,
49000,
49050,
49100,
9150,
49200.
49250,
49300,
49350.
494600,
49450,
49500,
43550.
49600,
49550,
A3700.
497150,
A9800.
49950,
" ule
49950,
S0000.
250050,
sSer00.
50150,
50200.
50250,
S0300.
503%50.
S50%00.
50450,
50500.
50550 .
S0c00.
50550,
50r00.
50750.
50800.
50550.
50900.
50950,
51000 .
51050.

Axlo0
«BOT21E-07
«85294E-07
«90101E-07
«95151E-07
«10006E-06
« 10603 ~06
«11188£~-06
«11801E~06
« 120458 -06
«13121E~08
«13829%-06
« 1457128 -086
«15350L~06
«16165€-06
7019086
« 179138 ~-06
«18849E-06
«19829L~06
«20853 -06
«21925L-06
«25086E ~06
«28217E-086
«29%41F ~086
« 26120006
«28056E~06
«23450E-06
« 30906E~06
«324265-06
«38011E-06
«37388F-06
«39185E~06
«AL05T70-08
«43008EF -06
«A5081E-06
«AT7T157E-08
«49360E-086
«51652E-06
«54038E ~06
«H6519 -0
« 59099 06
«61782E-06
«6A570E-08
«6TAGTE~D6
«J0ATEE~D6
« 136025 ~06
«16BATE~06
«B0215E~-06
«u3T10E-06
«87336E-06
«91097E~06
« 94997 ~06
«99080E -06
«103523E~05
«10757e-05
«11207E-05
«11672E-05
«12154E-05
«12653E-09%
«13170€-05

GILCHAKLE RAIE sCL/7uAyp)

.



-'6r

R TR TS W R 71 3

YO AR
51100,
Siis50.
51200.
S51250.
51300.
51350.
Sis00.
51850 .
$1500.
51550.
9515600«
51650.
S51700.
S1750.
S51800.
$518%50.
51900.
51350,
S52000.
$520%0.
22100,
52150.
S2200.
32250,
52300.
$2350.
22400.
52450.
52500.
32550,
52600.
52650,
S2700.
52750,
523900.
S52450.
323%00.
523150,
53000.
53050.
S3100.
S3150.
S3200.
5,25“.
53300.
53350.
534000,
9350,
53500.
53550.
53600.
53650,
53700,
53150.
53300,
53850.
S53300.
539%0.
54000
54050,

LL Y
«13704E-05
«18257E~05
«14828E-0S
«158185-05
«16029€-05
« 16659805
«17311E-05
«17984E~-05
«186T78E~-05
«19395€-05
«20135€E-05
«20898E£-05
«216B6E-05
«22458E-05
«23335E~-05
«24197E-05
«250B4E 05
« 26002005
«265945L-05
«21917E-05
«2RI16E-05
«29906E~-05
«31004E-05
«32094E-05
«33218E-05
«383665-05
« 355506 -05
«36767E-05
«38018E-05
«39303E~-05
«40622E-05
«A19771E-0S
eA336TE~DS
« VA T94E 05
«AL259E-05
» 4T TR1E-09
« 45 302E-05
«20882E-05
«52501E-0%
«54161E-0S
« 55862 -05
«S5T604E-05
«59389E-05
«61216E-0%
«63087E-05
«65001€-05
«66961EL-05
+6BI6SE-09
«71015E-0%
«713112E-05
« I15255E~-0%
« T7T846E~05
.'963‘E'05
«81972E-05
«8430BE-05
«B6694E-05
«89130E~0%
«F161TE-05
«94155E~05
«96TAE~DS

Hh ot st

AL

CLlZuAr)



Peus v L

Yo AR
S5%100.
Se150,
564200,
94250.
S8300.
S543%0.
S8800,
54050,
54500,
34390,
94500,
S45650.
54700
987150,
56300,
54450,
54900,
24950,
55000,
55050,
55100,
53150.
55200,
95250.
55300.
55350 .
55400,
95450
55300,
55550,
55600.
55650 .
557100,
55750 .
$5800.
955850 .
55%00.
55950 .
56000«
56050.
56100,
6150,
56200.
56250«
56300,
56350,
56400,
956450 .
S6500.
596550 .
56600
56650,
S6r700.
56150,
56500.
S5e9%0.
56900,
56950,
S5T1600.
S7050.

AMlOO
«99386E-0%
«10208E-04
«10883E~-00
«10763E~00
«110848BE~0s
«11339E~0.1
«11636E~04
«11938E~09
«12245E~0%
« 125585 ~00
«12RTTE~0N
«13201E~-0s
«13531E~00
«138675~04
«180208E-04
«185550C~04
«lA90BE-00
«15267E-04
«15632E-04
«16002L~04
« 16379608
16?610 -04
« 17149000
« 175435 -0
«17943E~00
« 183497 ~00
«18161E~048
«1917TBE~00
«19602€-04
«20031¢E -00
« 2046708
«20908E -0
« 21356t -00
«21809E~04
+22268BE~00
«227133E-04
«23203E-04
«23630E-04
«28162E~-04
«24650E-00
«25184E-008
«25644E-00
«26149E 04
«26660L-04
«2T116E~00
«21698E-04
«282260L-04
«2BT595~04
«2929TE-00
«29B41E-00
«30390E~-04
« 30945600
«31505E~04
«32069L ~00
«32639C-04
« 33214604
« 337980 -00
«383719E-09
«34969E-00
«35564E-04

LR R L T )

e

CLi/ual)



=961~

NAUS WeUL L aUL

YO AR
57100,
57150,
S1200.
SI12%0.
S71300.
S1350.
S7e00.
STsso.
67500,
51550,
971600,
57650,
SIreo.
SIS0,
S7400.
Sraso.
Sr300.
571350,
28000.
S580%0.
S8100.
981%0.
$8200.
58250
58300,
S8350.
S8%00.
58450,
SA500.
58550,
58600,
568650,
S8700.
S87150.
583%00.
58850.
S68900.
58950.
S9000.
59050
S9100.
59150.
$9200.
59250 .
59300.
95935%0.
596200,
59450,
59500.
59550,
99600,
59650.
597100.
597150,
59800,
59850,
59300.
59950,
60000.
60050.

ARl100
«36163E-04
«3616TE-D N
«37315E-00
«379RBE~0N
«JB605E~00
«39226E~-09
« 398528 ~09
«Q0NB2E~00
«41116E~-09
«~A1T7540-00
«A2395E~00
«43041E-04
«43690E-04
«443420-00
«449985 -0 4
«AS658E-08
«A6321E-00
«A6986E~04
«A7655E~04
«AB327E-04
«435002€ -0
«AIETIE~-DN
«50359E~00
« 510826 ~00
«51727C~-04
«H2814E-00
«53104E~-00
«S3T795E~-00
QSQQ.9£'°’
«55184E 00
«558810-04
«56579L-04
«S7279C~00
«ST1981E-04
«SB6B3E~-04
«59387E-04
«60092E~04
«607197E~-04
«615040-004
«62211E-00
«62918BE-04
«63626E-04
« 643346 -00
« 650835 04
«65751E~08
«66459C-008
«b1167TE~-04
«6TBISE-0M
«6H5B3E-04
«69289E~00
«69995E-00
«10701E~0Da
«71405€-04
«12109E-04
«72B811E~-04
«73512E-04
« 1842125006
«TA910E-00
«15606E-04
«16301E-00

HELLAKLL KA L

tCi70av)



HRGE ULl UL D LU HAKSL HATE (CIZDAT)
YL Ax ArlO0

£0100. o TE9980E 00 . .
601%0. «1T686E~0 0
60200, « 1837156 -00
60250, « 190620 -0
60300. «T13747L~00
603%0. «B0A2950 -0
60600, «Bl1110E~-00
60850, «BI7IBTIE-DN
60500, «82862E-00
60550, «B3134E -008
60600, «HB3B0AE-00
‘05500 «BANTOE~DN
60700, «AS134E -04
60750 «HBSTI8E -0 0
60400, «B6451E-00
60850, «B7105E~00
60300, «BIISEE~-0s
60950. «B8405E~-04
61000, «BI04TE-0ON
61050- -'96'1{".
61100. «90323E~-04
61150, « 909556 -040
61200, « 1584 00
61250. «92209t-04
61300. «92830E-04
61350, «93947E~-00
61800, « 940598 -0 08
61850, «94668E~04
61500. «952726~-00
61550 . « 95672000
61600, « 9686 TE~0 %
61650, «TTOS9E~00
61700. «IT6ASE~0N
617150, «IB227E-00
61800, «IBBOSE -0
61850, «99318E-00
61900« «99946E-04
61950, «10051E-03
62000. «i0107E~03
62050. «10162E-03
62100 «10217€-03
62150. «10271E~03
62200. «10325E£-03
62250, «10379£-03
62300. «10432E~-0)
62350, «10%840-03
628400, « 105368 -03
62050, «10587€~-03
62500. «10638E-03
62550, «10689E-03
62600, «10739€E-03
62650, «~10I88BE-03
62750 «10885E-03
62800, «10933E~-03
62850, «10980E-03
62900. «11027€-03
62950, «11073E-03
63000, «11119E-03
63050. «11164E-03

=61~




~861-

HAUL ULl LS

YO AR
63100,
63150.
63200.
63250,
63300,
63350,
63400,
63850,
63500,
63550,
63500.
63650,
e3ino.
637150,
633¢0,
63850,
63900,
63950 .
64000,
64050,
68100,
64150,
€8200.
64250.
68300,
64350 .
64800,
64450,
6%500.
64550,
84600,
68650,
68700,
LATSD.
68800,
64850,
68300,
64750,
65000,
85050,
65100,
65150.
65200
652%0,
65300,
65350,
65800,
65450,
65300,
65550.
65600,
65650,
65700,
65750,
65800,
65850,
65900,
65950 .
66000.
66050.

AR100
«11208E~03
«11253€-03
«112966-03
«11339E-03
«11382E0-03
«118245-03
«1146SE-013
«115068-03
«HISNIE-0OS
«11587E~03
«11626i-03
«116650-03
«11703£~-03
«11741E-03
«11778E-03
«11B15E-0)
«11851E-03
«11BBT7L~-0)
«11922E~-03
«11957E~0)
«11991E-03
«12025£-03
«12058£-03
«12091E-03
«12124E-03
«12155E-03
«121876-03
«12218E-0)
«12248E~-03
«122718E-03
«123072-03
«12336E~03
«12365E~03
«12393E-03
«124205-03
«12847E-03
«12474E~03
«12500E-03
«12526E0-03
«12551€-03
«12576L-03
«12601E-03
«12625E-03
«126492-03
«12672E-03
«12695€-03
«121176-03
«12739E-03
«12161E-03
«12782€~-03
«12803E-03
«12825E-03
«12B843E~-03
«12863E-03
«1288B2E-03
«12901€-03
«12920E-0)
«12938E~03
«12956E~03
«129713E-03

VISLMAKLL KAIL (LE/0AY)



661~

TEAR
66100,
66150,
66200.
66250,
E6300.
66350,
66400,
66450,
66500,
66550,
665000
66550,
66700,
66750,
66300.
66850.
66700,
66950,
67000,
67050,
61100,
67150,
671200,
61250,
673500,
67550,
67800,
pIAS0.
671500,
671550,
67600,
6650,
61700,
6171504
61800,
671850
61500,
61750.
68000.
68050
GB100.
eBLS0.
E8200.
68250,
68300.
68350,
ER8NOD0 .
68450,
68500.
668550,
68600,
68650,
68700,
68750,
68300«
6850 .
68900,
68950,
69000,
69050,

sy e b UL LR N LR RS

AAlOO
«12990L-0)
«13007E-03
«13024L~03
«13040E-03
«13056E-03
«130710~-03
«13086£-03
«13101E~03
«13116C2-03
«13130E~03
«13144E-03
«13157CE-03
«1311'E-0)3
«13184E-03
«13197E-03
«13209-03
«13221E~03
«13233E~03
«13245E-03
«13256E~-03
« 13268503
«13278E-03
«13289E-03
«13299E~0)
«133105-0)
«13319E~03
«15329E-03
«133395-03
«133485-03
«d3357c-03
«13365E-03
«133745-03
«13382€~-03
«13350E~03
«13398E-03
«134065-03
«13413E~-03
«13420E~-03
«134276-03
« 13434503
«13841E6~03
«13887E-03
«13454E-03
«13460E-0)
«13465€~03
«13471E~03
«1384775~-03
«13482E-0)
« 138875 -03
« 1349280
«133497C-03
«13501~03
«13506E-03
«13510E~03
«13518E-0)
«135186C-03
«135227-03
«135262~03
«13529E-03
«135325-03




BRGSOV L. DILLIANGL ML tLl7uAn)y
Yi AR ARloO
69100, » 13935 -0)
e91%0, «135%8¢E-0)
69200, «13581E-03
63250, «13540E~-0)
€3300. «133465-0)
69350, «135480~-03
69900, «13551E-0)
£9450. «13553E~-03
69500. «13554E-0)
£9550. «13556€6-03
69500, «13557€£-03%
69650, «13559E-03
69700, «13560£~03
65750, «13561£-03
69800, «13562E-03
69850 . «13562€~0)
63300, -l!Ssl[-O!
69950, «13563E~-03
toson. «135635-03
10050. «13563E~03
Tol100. «13563E~-03
T0150. «13563E~03
10200, «13562E-03
10250, «13562E-03
10300. «13561E~-03
10350, «13560€-0)
10300, «13559€-03
108450, «13557€-03
16500. «13556E-0)
10550, «13554E-03
10600, «13552€-03
10650 «13550E-0)
10100 «13547€-03
10i50. «13545:-03
10950, »13539€-0)
10900 «13536£-03
10950, «13533£-03
11000, «13529E-03
Tio%0. «13525€-03
riioo. «13521E-0)
riisn,. «13517E-0)
11200, «13512€-03
T125%0. «13508E~03
rsoe. «13503£-03
T1550. «13498E-0)
71800, «13492E-03
118450, «L3ABTE~0D)
risoo. «13481E-03
11550, «13474E-03
11500, «13468E~-03
T1650. «13461E-03
11100 . « 138545 -03
117150 . «13847E-03
11500. «13440€-03
T1850. «134325-03
11500, ~13424E-03
T195%0. «13415€-03
T2000. «13407E-0)
12050. «13398E~-03




=02~

MALL UL UL DR LLARLL KA

YL AR
rzieo.
12150,
12200,
12250
72300,
12550.
12400,
12450,
12500,
12550,
12600,
12550,
12700,
12150,
12800,
12899,
i2%ud .,
1255,
13000.
13055,
13510,
15150,
13200.
13250
13%00.
13350.
r3%00.
13450,
13500,
13550,
135600.
13650,
13130.
137150,
15500,
13850,
73300,
13950,
14000,
714050
14100,
Ta156.
IN200.
14250
74300 .
18550,
Ta000.
14450,
14500,
L5550,
14600,
14650,
1IAT00.
1A150.
14300,
19850«
14900
149%0.
15000,
15050.

AAlDO
«13388E-03
«133796-0)
«13369-03
«13358E-03
«13346E~-03
«133376E-03
«13326E-0)
«133140~-03
«133026-03
«13290E-01Y
«13277E~03
«13264E-03
«13251E~-03
«13257E-03
«13222¢-0)
«13208E-03
«13i93¢-03
«131775-03
«13162€-03
«13145E-0)
«13129€~-03
«13112E-0)
«130354E~03
«13076E-03
«13058E-03
«13039¢E-03
«13020E-0)
«13000£-03
«12980E-03
«12959E~03
«12936E-03
«12916E-03
+128354E-03
«12871E-03
«12B4BE~-03
«128246-0)
«12800E-03
«12776£-03
«12750E-03
«12725€~03
«12698£-0)
«12672E-03
«12644E-0)
«126176E~03
«1258BE-0)
«12559E-0)
«12530E~-0)
«12500E-03
«12%69E~-03
«124380-0)
«12406E-03
«12374E~-03
«123416~03
«12307E~0)
«12213-03
«12239€-03
«12203E-03
«121685-03
«12131E~03
«12074E-03

tLiJuan)



-202~

FAUL LeuL L e

YL AR
is100.
75150,
15200,
75250,
15300,
15350,
72400,
15450,
75500.
15550«
715600,
7550,
15700.
157%0.
15800,
12850,
1%300.
15350,
16000,
16050,
16100,
16150.
16200,
i6250.
16300.
16350«
T16%00.
7168450,
16500.
16550 .
Teb00.
716550,
16700.
Tel90.
16500,
16850,
16300,
T6950.
17000
T710%0.
T7100.
771590,
11200,
1712504
17300,
T1350.
Tisoo,
TisSo.
11500,
1issu.
17600,
11650,
11700.
Tirsoe.
17800,
11850,
11900
T1950.
T8000.
T80%50.

AMlDD
«12057€E-~03
«12019€E-03
«11980£-0)
«11941E-0)
«11901E~03
«11860L~-0)
«11819E~-02
«k1771E-03
«11735E-03
«11692E-03
«11649-0)
«11605E-03
«11560E-03
«11515E€~03
«11469€-03
«11822¢-03
«11375E-03
«11328E-0)
«11279€~-03
«11231E-0%
«11181E-03
«11131E-03
«11081E-05
«11030E~-03
«10978E-0)
«10926£-03
«10873E-0)
«10820t-03
«10766E-03
«107112E-03
«106576-03
«-10602E-03
«10546E£~03
«104B9E~03
«104326~03
«10375E-03
«103176-0)
«10258E~03
«10199€~-0)
«10180E-03
«10080E-03
«10020E-03
«99588E ~04
«9B975E~04
«9R358F 04
«FITITE~DAN
«97111E-04
«964810-0s
«95845L~04
«95210E~04
« 945686 -00
«93923E~04
«93274E-00
«92622E-04
«I1I66E-04
«91306L-04
«506440-04
«B9978E~04
«B9309E~04
«BHB637E-08

DI HANLL AL

(Li/70ar)



“tue-

AL RN SRRV IR W 3V 1

Yo AR
isio0.
re1%0.
i8200.
Ta2%0.
18300,
78550.
188260,
184350,
18500,
18550,
18504,
18650,
18100,
187150,
J18830.
18850,
18300,
18350,
J9000.
riaso.
13100,
79150«
19200,
192%0.
79300,
71934%0.
T9%00 .
". ‘lo -
19500,
79540,
19500,
19650,
797100,
137150
19800.
19850,
19300,
19950«
AODG0 .
Bo0%0.
Boio0.
80150«
60200.
80250,
8030,
803%0.
80800,
80450,
80500,
B05%0.
80600«
B06%0.
B807¢0.
80750,
80800
804%0.
803%00,.
8090,
81000,
s10%0.

AAlOO
«B7963E~00
«BI285E~04
«BE605SE-00
«B59235E-04
~85238E-06
«BASSIE~-04
«B3861E~00
«B31TOE-DN
«B2476E-00
«31781E-00
«B10B4E-04
«B03BCE~00
« 19686E~-04
« TB984E-04
« 1B2H2E~04
« 11578 -04
« TGBTAE~DY
«16166E-04
« 158620 -00
« TATIS5E-04
«TAONTE~GS
«73339E~-08
«12631E-04
« 119236 ~04
«712140-00
«10506E~04
«697/98E-04
«69090E -00
«683835C-00
«6TIGTEE-DN
«659T0E-08
«66265E-04
«65560L-04
«6AB57E-04
«64155E-00
«63454E -0
«62154E-04
«62056E-04
«613598-00
«E0654E-00
«59971E-04
«59280E~04
«SAS91E-00
«S71904E-04
«ST2.9E~04
«56536E-04
«55856E-04
« 55179 -00
«954504E-00
«S3832e-04
«53162E-04
«52496E~00
«S18320-04
«S1172E~-04
«50515E~-04
«A49861E -0
«492108 ~0n
«A8S63E-04
«47919C-04
«AT7279E-04

Ui ol ttmss el

KA

tLh7uan




MAUL UL LIVE UISLHARGE BATE (L1ZUAY)

YL AR
81100,
81150,
81200.
812%0.
81300,
aisso.
81400,
Bl1sS0.
81500,
81550,
Bl1600.
81650,
Blreo.
Blis50.
81500
81450,
81900,
81350,
82000.
82050,
62100,
82150.
82200.
82250.
B2300.
82350,
B2s00.
B2850.
B2500.
82550.
82600,
82650,
B2100.
B2i50.
82400,
82850,
82700,
82950,
83000,
83050.
83109,
83150.
83200.
A3250.
83300.
83350.
83400,
83450,
835004
A3550.
83600.
83550.
83700,
837150,
83%500.
83850.
839%0n,
83950,
84000,
44050,

Arv100
«A66A 3 -0
«46010E -0
«45382E~-04
«88T57E-00
«44136F -00
«43519€~04
«429507c-00
+42298E-00
«81694E-00
«41094E-00
«N0A98E~-0D0
«39907E-004
«39321E-04
«3B739E-00
«381610-00
«3158RE-00
«3T020E-04
«36A5TE~00
« 35898504
« 35344E-08
« 38 195E~00
«382516~04
«33712E-04
«33178C-00
«32649E-00
«3212%E~00
«31605E~-04
«31091E~04
« 305826 ~00
«30079C-00
«29580L-00
«2908TCE-00
« 28598 -00
«2B8115E-00
«21638BE~04
«27165L-00
«26698E-04
«26236E-04
«257719E~08
«25327E~-00
«20881E~-04
«284840E-04
«24004E-04
«23574E~00
«2314BE-00
«22728E~04
«22314E-04
«219049E-04
«21500E-04
«21101E~09
«20707E~00
«20318E-04
«199350~04
«19556E~04
«19183E-04
«18815E-04
~1B452E-00
«18034E-04
«1T7T742E~00
«17394E-00



=502~

FAULONUCLIDE DISCHARGE RATL (Cr/Z0AT)

YL AR
64100,
B8l Su,.
84200,
84250,
84300,
84350,
8a800.
B9850,
BAS00.
84550,
84500,
BA650.
84700,
Ba7%0.
84500,
843150,
84900,
84950,
85000,
850%0.
85100,
B5150.
#5200,
85250.
b5300.
85350.
85400,
845450,
85500.
B5550.
85500,
856%50.
E5T7T00.
a5750.
85500,
B5850.
85900
859%50.
86000.
86050 .
86100.
86150,
B&200.
86250.
BE300.
86350.
BENDD,
868050,
86500,
86550,
86600.
B6650 .
8600,
B6T50.
86900.
B6950.
86900,
B6950.
81000,
8l1050.

ArMioO
«1L7051C-00
«AGTISE-DN
«16381E~00
«16053E-04
«15730E~04
«15412E~00
«15098E-04
«1l87350L~04
«LAMBEE -0
«181B7E-00
«13833E~-08
«13603E~-04
«1331BE~00
«13038c -06
«12762E-04
«12491E-04
»12224E-04
«11962E-04
«11704E-04
«11450E~-04
«11201E~04
«10956E~00
«10715E~00
«104795E~00
«10246E-04
«1001RE ~00
«97937E-05
«95735E-05
«93573E-05
« 71450605
«B9365E-05
«B8T7320E-05
«B85312E~-05
«B83382¢~-05
«H1408E-05
«7T9512E-05
«T7651E~05
«15826E~05
«TA037E~0S
«T12282E-05
« 10561E-05
«68BTSE-05
«672220~05
«65601£-05
« 6401 3£ 05
«62458E~05
«60933E~-05
«59440E-05
«51918E~05
+«56545E-05
«55143E£-05
«53769E-05
«52425E-05%
«51109E-05
«49821£-05
«ABS60E-05
«AT327E~05
«461200-05
«A49395E~-05
«4378SE-05



=902~

AU UL UL

YE AR
87100.
81150,
81200,
81250,
87300.
81350,
BiIs00.
BIsS0.
BI1500.
BI550.
87600,
bla50,
8lrco.
BII%0.
B7300.
BI850.
87900,
BI19%0.
48000,
8BBS00,
88100,
#8150,
48200,
BA2S0.
88300,
88350,
BB86a00.
88450,
HE500.
B85%0.
B8600,
BBL50,.
88700,
88750,
B83500.
BHE8 S50 .
BB900.
BAIS0 .
89000,
89050.
69100,
89150.
89200,
89250,
89300,
89350.
89400,
B9450.
B9500.
89550,
89600,
89650.
89700,
89150,
898300.
89850,
893500.
89950,
99000.
S0050.

AAlDO
«42655E-05
e 41551£-05
«ADATIE~-DS
«39415E-05
«38382E-05
«371374L-0Y
«JEIBTE~0S
«35424E-05
«34482E-05
« 33562509
« 326640 -05
«31786E~05
« 30929 -0%
«30091E~05
«292714E~05
«2BNT6E-0S
«21697E-09
«26936£-05
«26194E2~-05
«254102-05
«28T6AE~0S
«284074E-05
«23402E-05
« 2271468 ~05
«22106Z-05
«218B2E-0S
«20B742-05
«20280E-05
«19702E-05
«191390-09
« 18589 ~05
« 180545 ~05
«17533E-05
«17024E~05
«16529€-05
«160847E~05
«15578E-05
«15120E~05
«18675€-05
«14241E~05
«13819€E-05
«13408E~05
«13008C~05
«126196-05
«122%0E-05
«11872E~-05
«115130-0%
«11164E~-05
«108252-0%
«10495£-08
«10174E-05
«98622L-06
« 955885 -06
«92639c-06
«HI7T73E-06
«B6IBTE~D6
«84280E~06
«81649C-06
«719092E-06
« 16609506

Viob ia cul AL

AN AN B



={02-

WAL UNULLIDE ISLHARGL MALE (CIZUAT)
fEAR ARL00
90ic0. «I8197E-08 v .
90150, «T1853E-06
So200. «6ISTRE~0E
50250, «6136BE~-06
90300, «65222(-06
90350, «63138E-06
90s00. «61116E-06
90450, «59153E-06
S0500. «S5T7247E~06
90550. «55398E-06
90600, «53603E-08
90650 . «951862E-086
90700, «50173E-06
0S50, «A8554E-06
90500, «AL9NE~DBE
90850, «45803-06
90900, «43507e-06
20950 «42458E-086
91000, «41052E-06
91650 . «39689E-06
91100. «38368E-06
91150. «37088E-06
91200, « 35847006
91250. « 38600 ~086
91%00. «33479€E-06
91450, «32350E~06
91400, «31256E-06
91450, «30156E-08
91500 «291T0E~-D6
91550 . «281750-06
91600, « 27210 ~06
91650, «26281E-06
1100 «25379L-06
91i50. «24505E~-06
91000 « 236608086
91650 . «22B01E-06
91900 «22089C-06
91950« «21283E-06
92000, «20541E~-06
92050. «128230~-06
92100. «19129E-08
92150. «18457E-06
92:200. «17807E~06
92250, «17179€ -06
92300. « 165128 ~06
92'50. «15988E-06
92400, «l0%i6E-06
92450, «18857E~-vH
92500. « 1845565 06
92550 «1382% -06
92¢00. «13327E-086
92650, «12848E-06
92100, «12385E~06
92150. «11337E~06
92500, «11505E~06
92850. «11087E-06
92900. «10684E~06
92950, «10294E-06
93600. «99181E-07
93050, «95548E~07



~802-

PR L VL VEOLARLE RANL tLEZUAT)

TTAR
935100,
95150,
¥3200.
93250.
93300.
93350.
93400,
93450,
93500.
93550,
93600.
93650,
93700,
937150,
93500.
93840,
9rI00.
939%0.
94000
J40%0.
94100
94150.
94200 .
94250 .
94300.
94350
9a000.
98850,
Fe500.
94550,
946 D .
946950 .
94703,
9950,
94800,
94850 .
94300,
94950
95000«
95050 .
95100 .
951950«
95200 .
95256 .
95300,
95350 .
95000,
95450,
95300,
9555¢ .
95600«
95650 «
95700,
95750 «
95800 .
95850 .
95300,
95950«
96000.
96050 .

AA10D

«92040E-07
«ABESAE-07
«BS3B4E=07
~82228E-017
19182607
< 162426-01
« 7135405E~07
« T0668E-07
«6A027E~07
«65479E-07
«63021E-07
«60650E-07
«583636-07
«56158E-07
«58032E~-07
«S1981E-07
«50005€-07
«4B099E 07
«46262E-07
«444926-07
«A218B6E-07
JALLIALE-OT
« 395571 =07
«38031E-07
«36560E-07
«35143E-07
«33179E-07
« 32464007
«31199E-0%
«29980E=)7
-2HB06E=07
«27676L=97
L 26588€-07
$25541E-07
«24533E-07
«23563E-07
«22630E~07
«21731E~07
«20867E-07
«20035€-07
«192356-07
«184656-07
S177256-07
«17013E-07
«163296-07
«156706-07
«15037£-07
<1842BE-07
+138436-07
«132816-07
«12740E-07
«122216-07
«11721E-07
«112426-07
L10781E~07
<10338E-07
+991216-08
«95033E-08
«911076-08
-BT336£-08



HRGE L DLl areL mAIL TLEZDAY)
YE AR AMloO 3
96100, «83T714E-08 . .

96150, «BO236E~-08
96200, « 1689 T7E~08
96250, «13691E-08
96300, « f0613E-08
96350. «6T659E~-08
96000 « 6823 ~08
968450 . «62101E-08
96500, «59488E~08
96550, «56982E-08
96600. «S54576E-08
96650 . «52268E-08
96700, «50054E-08
96750, «A7930E-08
( 96800. « 458952008
96900, «42064E-08
96950, «40266E-08
91000, «38543E-08

91050 o“.,ﬁ‘.. -
' Fr100. «35306E-08
97150, «337/87CL-08
91200. «22331E~-08
{ 971250 « 30935 -08
91300, «295977-08
91350, «28315€-08
9r1v00. «210%7CE-08
97450, «25910E~08
. 971550, «237101:E-08
976ud. «22666E-08
91650, «2167SE-08
Sitoe. «20125%C-08
91159, «19815E~08
97800. «18944E-08
( 91850, «18110€-08
91900, «17311E~-08
1950, «16547E-08
( 98000. «15814£-08
! 98050, «15118E-08
l Ss100. « 184830 -08
* {) 98150, «13801£~-08
i 98200 «13186E-08
Y8250. «125988-08
> &9 8300, «12035E -08
| 98350, «11497E-08
98400, «10982E~08
( 98850. «12485C-08
¢ 98500. «1003i7E~08
98550 . «95665E-09
! 98600. «91352€-09
98550. «87221C-09
98r00. «B32F20-09
987150, « 79509£-09
98300. « 7590 3E-09
98850, « T2458E-09
98300 . «6715TE~09
INiS0. «66006E-09
99000, « 62993 -09
99050. «60119E-09

~602-




“0l2-

YL AR
935100,
99150 .
99200,
93250.
99300,
99350,
99v00.
99450,
99500,
9550,
99500,
99650.
9%700.
997156,
99300,
99450,
99900.
99950 .

100000.

OPTIONS 146 240 3,0 4,0 Ssd 641

D

AAlDO
«57362€-09
«S4732€~-09
«52219€-05
~49818E-09
«47524E-09
«45332€~-09
«43239-09
«41239€~-09
« 393295 -09
«371504E-09
«35762€-09
«34098E-09
* 325106-09
«30993E-09
« 29545009
«28163E-09
«26843L-09
« 25583 -09
«24381E-09

MEAL AL neit LA UAY )

Toel 890 940 1240 1140 1240 1341 18,0 15,0 1690 1740 1840 1940 20,0 2140 22,0 23,0

NO OF VEVTORS = 0 TIME JPPER BOUND = 1.50E+05



MAUL vsULL LU

YL AR
5073,
509271,
51115,
S1303%.
Silsa9.
Sis 18,
S1868 .
52053,
S2241.
52829,
52616.
52808,
52992,
53180,
{ 53367,
53555,
S3743.

S¥INe.
54118,
S4306.
FAA L M
Se681,

54369,
| S5057.
5520,
954352,
{ 55620.
55808,
95995.
{ 56183,
S63Tl.
S6558 .
S6746.
S695.
ST 22.
S51309.
SIavl.
ST68S5.
S18712.
S8060.
98248,
58436,
58623,
58511.
58999,
S9186.
S93 N,
{ 59562,
| 59150,
' $99371.
!« 60125,
| 60313,
60500,
69688,
60877,
61063,
61251 .
61839,
61627,
61816,

=12~

AR100
«111%1E-08
« 17485 -08
«27109E-06
«41561E-08
«94518E-08
«l8024C-07
«20588E-07
«29908E-07
«42999E-07
«61189%-07
«-86199E-07
«12023%¢ 06
«16604E-06
«22710E-06
«307160E-06
«V1282E-06
«54881E-06
«12292E-06
«IA36TE-06
«12208E-05
«15656E-0%
«19902e 05
«25085£ -05
«31353:~-05
«JBB62E~-05
«AITTBE-0S
«58269E-05
« 105046-05
«HA6ATE~DS
«10086E -0
«1l1927E-00
«1%001E-0s
«16318€-00
«1ABBAE-O0
+21702E-04
«28 7735 -00
«2B091L ~00
«3164T7E~08
« 358306 -00
«39420E~00
«4359T7E-00
« 47935 -0
«52407E-04
«96981E~08
«61626E-08
«66306E-00
«T0987E~00
«I15635E-04
«B021BE-00
«BATO3E~00
«H9061E~-04
«93267C-04
«91297E-00
«10113€E-03
«10876E-03
«10816E-03
«11133£~-03
«11427E~03
«11696E-03

VISUHAKLL HATY

tLiZoam



=212

HAL UNMULLIOE DILLMANGE HATL (CLZDAT)

YI AR
62002«
62190,
623171,
62565,
627153,
62961 .
63128,
63316,
63508,
63691,
63RTY.
06T .
64255,
684482,
64630,
64818 .
65005,
65193,
L5381 .
65569,
695756
65748,
66132,
66319.
66507,
66695,
6683,
&7.70.
6l12%8.
67046 .
6I633.
67821«
68009,
68197,
68388,
68572
68760,
68947,
69135,
69323,
69511,
69698,
69ARS
10074,
Tu261.
Tosa9,
Te6 37,
10824,
Ti1012.
ri2oo.
11388,
Ii575.
11763,
11951 .
121%8.
12326«
1251AM.
T2102.
T2889,
T3077.

AAlDO
«11945C-03
«12169C-03
«123726~03
«12553E-0)
«12715¢-03
«12858E-0)
«12985%50-03
«13095e-03
«13191€~-03
«132736~-03
«13345€-03
«13405€£~03
«13457E~03
«135000-03
«13537€~-03
«13567E-03
«13592E0~03
«13613€E-03
«13630E-03
«136484E-03
«13656£-03
«13665E~-03
«13672€-03
«13678E~0)
«13682E~-0)
«13686E~03
«13689%C-03
«13691€E~03
«13693-03
«13694£-03
«13595€-03
«13696E-03
«138697E-03
«13697E-03
«13698E~-03
«13698E-03
«13698BE-03
«13698E~-03
«13698E-03
«13698E-03
«13698E-03
«13699E~0)
«13699E-03
«13699E-03
«13699E~-03
«13699€E~-03
+13699€-0)
«13698E-0)
«13698BE-03
«136985-63
«13698E£-03
«13698E-03
«13697E-03
«13697F-03
«13696E-03
«13695€-03
«13694c-03
«13691€~03
«13689C€-03
«13685£-03



~£i2-

LR BT Y 1Y

Y AR
13265,
13052,
rssan.
738238,
TAD 6.
14203,
TA891.
Ta3 13,
18766
10358,
15182,
1533%0.
ssir.
15705,
15893,
16080,
T6268.
16456,
TE544,
6331,
T7019.
rTrzor.
TI398,
risez,
11110,
T71958.
78145,
18333,
18521,
78708,
1889,
195088,
192n.
19459,
19647,
79835,
40022,
B0210.
80398,
BO5S65.
80713,
80961,
Bl149,
Bl336.
81524,
81112,
81899,
62087,
822175,
82463,
82650,
B283%8.
83026,
83213,
83401,
83589,
831 ir.
83964,
8e152.
LEARE N

AAl100
«136719C~03
«136735-03
«13663£-0)
«136526~03
«13636E-0)
«1361T7E-03
«13592E~-03
«13562€-03
«135246-03
«13477E-03
«13821E~-03
»13353E-03
«13271E~03
«13175€~03
«13065E -0)
«12932€~-03
«12781E-03
«12609E-03
«12%415€E~03
«121376~03
«11954E-0)
«11686E-03
«11392€-03
«11074E-03
«10731E~02
«10365E~-0)
«931720-04
«95694E-04
«T1AA1E -0
«B7038E -04
«82516f -08
«TT906E~00
«13241E-04
«68556E-04
«63885E -0
«59263E-04
«S54T721E-004
« 502906 ~04
«4599BE-04
«A1B69E~04
«37925E~-00
«3%1830-04
«30658E-00
«27359€-00
« 28292604
«21460E-04
«18862E-00
« 164940 -0
«12420E-04
«10695E-04
«91627E-05
« T8095E-05
«66222E-05
« 95586170 ~05
«468900-05
«39155E-05
«32531E-05
«26890£-05
«22115E-05

UiLhanulL AL

(LiZuan)y




NADLONUCLID: JISUHARGL KATL (LIZuAY)
YE AR AR1D0
BAS27, «180%6E-05
Ba715. « 10733 ~05
84903, «11935E-0%
85091, « 96209 -06
852718, «ITT16TE-06
85466 . «61589%-06
85654, «4891SE-06
85861, «38659E~06
B029. «30805E~-08
86217. «Z237191E-06
B680S. « 185365 -086
86592, «18369E-06
8cT80, «11086E-06
86968 . «B85125€-07
B715%. «6S5057E~-07
LESLE N «A9%BB. 07
81531, e3INTOE~0T
arr1v. «2823%€E~07
87906 «21185E~07
88094, «15821c~-07
88282, «11761L-07
BEAET . «BT037E-08







Sample Problem 6 User Problem: Establish space and time steps for

DVM calculation

Problem 6 allows the user to establish the space and time steps for a
DVM calculation. Input consists of the network properties and decay chain

of problem 2 with the exception of KDS.

Isotope —KD(£t3/1)
NP237 2.0
u233 0.8
THZZ; 0.2

The DVM option is to be used with the reader choosing Bppropriate
values for DX and DT. Also, the choice of TUB, the upper bound time, is.
left to the reader.

To aid in the determination of DX, DT, and TUB, some of the following

information may be helpful.

Distances
Path length = 142500 ft
Source length = 8000 ft

Dispersivity = 500 ft

-215-



Average Velocities

Unretarded = 74.6 ft/Y

NP237 = 1.01 ft/y
U233 = 2.48 ft/y
THZ29 = 9.01 ft/y

Times
Leach duration = 100000 Y
Release time = 0y
Half-life NP237 = 2.14 x 10° ¥
Half-life U233 = 1.62 x 10° v

Half-life TH229 = 7.30 x 10° v

A set of input and output for Probler. 6 is contained in

Appendix A.
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Appendix A:

A Set of Sample Problem 6
Input Data and Output

-217-



Table 13-SP (Appendix A).

$32.7%
50.0

«1

6.06
To7.
14500.
600.
3602.41
2211 .3
.’

«15

0.

«67

- 13

237.
233.

SAMPLE PROBLEM ND. ¢

646.10
S0.0
10.
6.26
1.0
8o000.
196.5
2502.41
2819.67
.3

.ls

°.

1.

10 3

NP237
ua2ss
l.
TH229
l'

S500.

3.02%

432.70
50.0
leb67C-8
‘.[‘

1.
3sooo.
500.
1525.89
1719.67
.s

S50.0
!.5[-6
6.E6
1.0
100000.
Jala.m
425.89
-3

-03

0.

1.

40.0
!'.
1.8€6
S540.
14500.
8000.
3311.31

-3
3

0.
1.

2.145¢
1.62€S

T.3£3

-218-

AD.0
1.572-6
1.8E6
1.
8000.
1100.
2814.81

2.23
1.E3

1.3

Sample Problem 6 Input Data

.°n°
2.5
1.8€6
1.2€8

38000."

1100.
2814.8)

-3
-3
0.
0.

40.0
1.8C6
100000.
2314.81
«3

8888882%8%%28%382888%8888828

VODBNNDDNVS & N



OPTIONS 140 240 3,0

NUMBLR OF 1SOTOPES

ISOTOPE NAME
NP237T
U233
TH229

LEACH TIME =

NO OF VECTORS = 0 TIME UPPER BOUND =

1.000E+05 YEARS

5.0

6+0 740 8,0 9,0

HALF LIFE (YEARS)

2.140E+06
1.620E+05
T«300E+03

1040 11,0 12,0 13,0 14,0 15,0 1640 17,90

INITIAL AMOUNT (CI)

1.000€+03
1.000E+0)
1.000E+03

DISPERSIVITY = S.000E+02 FEET
3.00E+05

Table 14-SP. Sample Problem 6 Output

18,0 1%,0 20,0 21,0

.

-- -
L

T8




$lassvrevennsscsssssssvnssnnsne

NLIWUKK | LUe Mol L

LR Y

Aesssnnnenn .
. . Chsnsanna Sesssranse Srssasnn Starsnnan SR
«  UPPER . . . . . . . - . .
¢ ADULFIR t-vee (6 | t-ccecccm=s - ® LEG 2 temcccccmcccana w===et LEG J t-ccccccccanns LEF & tcmcccccccccaaaas QUTLET »
¢ INLET . . . - . . - . . - . . - . .
. - L Y - Searrranan - Sarsrann - AR R R Y - R Y
LR - - - -
L LR R Y - -
- . - - - -
* LEG 9 » * LEG 10 o - -
- - . - - -
trasannen Cssassnnne - -
- Shssasanan - Srsasnsnan Shass s
- - - - - - - .
memescceces LEG 13 so-m-men * LEG 14 * LEG 15 »
' - - - - - - s .
- Shssnsanne - Sssssssane “tsss e
( E Y LR - -
. ~ . - - -
¢ LEG 11 » * LEG 12 -~ - -
( & - . - . - -
. L Y R I - -
( CRrassanann - - -
- - L R - AR Y - LR AR R RN - LA AR R R R ENY -
. LOWER - . . - . - - - - - - - -
( * AQUIFER s==<¢ LEG 5 somemmun SESEesSsTt LEE § tccurcncrcncncnmcncans LEE T tusssccccsnent LEE § tecsnness
- INLET . . . - - - . - -
' . - Carsannen L aserrannn Ssasannan
[2%] Shrssnarann
no
O
R L P N i, - r ey RADIONUCLIDE MIGRATION PATH======L€GS 13 10 3 4
UPPER AQUIFER INLET -
INLET PRESSURE = 62308.80 LB/FTes2
ELEVATION = 3602.01 FT
1 LIWCR AQUIFER INLET
' INLET PRESSURE = 93038.40 LB/FTee2
ELEVATION = 2502.41 FT
(
ouTLer
' OUTLET PHRESSURE = 6£2308.80 LA/FTee2
( ELCVATION = 1525.89 F1
ELEVATIONS OF OTHER POINTS

( JUNCTION 4 (LEGS 1-2-9) = 31681 FT
JUNCTION 5 (LEGS 2-3-10) = 3311.31 FY
JUNCTION 6 (LEGS 9-11-13) =  2814.81 FT N
JUNCTION 7 (LEGS 10-12-13) = 2014.81 FT
JUNCTION 8 (LEGS S-6h=-11) = 2314.81 FT
JUNCTION 9 (LEGS 6=7-12) = 2211.31 FY
JUNCTIONIO (LEGS 3~4-14) =  2819.67 FT
JUNCTIONLIY (LEGS T7-8-14) = 17T19.67 FT
JUNCTIONIZ (LEGS B-15) = 425.849 FT

LEG PROPERTIES

LEG 1

LENGTH =
AREA =
. .

LeASEs0n8 FT
6.0CE+06 FTee2

Table 14-SP. (cont'd) Samnle Problem 6 Nutnut

-



LEG 2

SR aanr

LEG 3

ArSnan

LEG o

L Y

LEG 5

LR

LEG &

AR RN

LEG 7

L Y

LR PR TV TR 2
POKOSITY

ROCK PCNSITY
FLUID DENSITY
FLUID vISCoSITY

%

bevrai ‘\-‘l
-3000

1.19€+02
6.23E+01
1.00€+00

LEG PROPERTIES

LENATH

AREA
CONDUCTIVITY
PORDSITY

ROCX DENSITY
FLUID DENnSITY
FLUID vIsCOSITY

B.00E+0)
6.00E+06
1.830+04
«30co0
1.19€+02
6.23C01
1.00€~00

LEG PROPERIIES

LENGTH

AREA
CONDUCTIVITY
POROSITY

ROCK DENSITY
FLUID DENSITY
FLUID vISCOSITY

Wi wuuwn

3.80C+04
'6.00E+D6
1.83E+04
«3000,
1.19€+02
6+23E+01
1.00€+00

LEG PROPERTIES

LENGTH

AREA
CONDUCTIVITY
POROSTTY

ROCK DENSITY
FLUID DENSITY
FLUID viscostvy

LU TN O T T T 1)

1.00E+05
6.00E +06
1.83E+00
-3000
1.196+02
6.23E+01
1.00E+00

LEG PROPERTIES

LENGTH

AREA
CONDUCTIVITY
POROSITY

ROCK DENSITY
FLUID DENSITY
FLUID vIScoSITy

Hewanuwumn

1.A50+00
1.680E+06
L.AGE +Q0
<3000

1.19€+92
6.23E%01
l-“'('.o

LEG PROPERTIES

LENGTH

AREA
coNDUCTIVITY
POROSITY

ROCK DENSITY
FLUID DENSITY
FLULID viIscosITYy

B.00E~0)
1.80E+06
1.468 200
<3000
1.19€+02
6223601
1.00€+00

LER PROPERTIES

LENGTH

AREA
CoNOuUCTIVITY
POROSITY

ROCK DENSITY
FLUID DENSITY
FLUID viIScosiTY

(U LI L L T T 1)

3.00E~04
1.R0E+086
1.0G6E+00
<3000
1.19€+02
6.23C+01
l1.00€%00

Fad e

LB/FTee)
LB/FTes)
ce

FT
Flee2
FI/YR

LO/FTeey
LB/FTes}
ce

Fr
Flee2
FI/YR

LB/FTes)
LB/FTee}
ce

FT
Flea
FY/YIR

LB/FTee}
LB/FTee}
ce

Fr
Fles2
FT/YR

LB/FTea}
LB/FTen)}
ce

FT
FTea2
FT/YR

LB/FTee)
LB/FTee}
ce

Fi
FTen2
FI/YR

LN/FTea)}
LB/FTee)
ce

Table 14-SP.

(cont'd) Sample Problem 6 Output



LEG 8 LENGIH
R TY AREA
CoNDUCTIVITY

POROSITY

ROCKX DENSITY

FLUID DENSITY

FLUID viIscosITy

1.00E+05 Fr

1.B0E+06 FTes2

LoAGE*QN FTZ YR
<3000

1e19E+02 LB/FTee}y

6.25E¢0)1 LB/FTes)

1.00€%00 cP

LUBSE LI DO TR TR I L)

LEG PROPERTIES

LEG 9 LENGTH
e saeran AREA
CoNDucTIVITY

POROSITY

ROCK DENSITY

FLUID DENSITY

FLUID viIscosITY

6.00E+02 FY
TeOTE*02 FToee2

3.65E+01 FT/YR
«1500

14456402 LB/FTesy
T«02E401 LB/FTea}
1.27€+00 cp

LEG PROPERTIES

LEG L0 LENGTH
LR AREA
CoNDUCTIVITY

POROSITY

ROCK DENSITY

FLUID DENSITY

FLUID viIscosIty

A.97E+02 FT
1.00E*0QD Free
3.655+03 FT/ZYR
«1500

1.45€+02 LB/FTes)
T<A0E+01 LB/FTee}
1.43€+00 cp

Honunnmn

LEG PROPERTIES

LEG 11 LENGTH
LR Y ARECA
CoNDULCTIVITY

POROSITY

ROCK DENSITY

FLUID DENSITY

FLUID viIscosiTy

S«00E«02 FT
1.00E+00 FTee2

6.10E-DY FT/YR
<0300

14650402 LB/FTee)
ToA0E+01 LB/FTes}
1.43E+00 cp

LN L L | T I T )

LEG PROPERTIES

LEG 12 LENGTH
LY AREA
CoONDUCTIVITY

POROS1YTY

ROCK DENSITY

FLUID DENSITY

FLUID vIscosiTy

6.00€%02 F1

1.00C+80 FTee2

S5.40€-04 FT/YR
<0300

1e65E+02 LB/FTee}

ToA0E*01 LB/FTee}

1.A3E+00 cP

LEG PROPERTIES

LEG 13 LENGTH
Srasnsann AREA
coNoucTIVITY

POROSITY

ROCK DENSITY

FLUID DENSITY

FLUID vIscosiTy

B.00E+83 FT

5+40E+02 FTew?

J.65E+03 FT/YR
<3000

Le19E+02 LA/FToe}

ToADE«QL LB/FTaey
1.43E«00 CcP

LEG PROPERTIES

LEG 14 LENGTH 1.10E+03
Ssssnnan AREA 1.00€E+00
CDNDUCJIV]TY S«7T3E-04

POROSITY «0300 14-SP (cont'd) Sample Problem 6 Output




Melh Verswt o

FLUID DENSITY

lanii*v2 LUiFre)

T.A0C+01 LB/FTee)

LU L B

.Z—

£

. . -
FLUlD vIscosirr® 1.43«00 CP
LEG PROPERTILS
LEG 13 LENGTH = 1.,.0C«03 FT
assnnnns AREA = L1.200+08 FTeu2
CONDUCTIVITY = 9.13€¢82 FT/YR
POROSITY = «3000
HOCK DENSITY = 1,19E+02 LB/FTee)
FLUID DENSITY = 6.236+01 LB/FTes}
FLUID VISCOSITY = 1.00E+00 CP 5
OISTRIBUTION COEFFICLENTS BY LEG AND BY ISOTOPE
NP23T u233 TH229
LEG1S 0. 0. 0.
LEGLD 0. 0. 0.
LEG 3 «20000E+01 .B0000E*00 .20000E+00
LEG «200002+01 LHOO000E«00 L200006+00
RETARDATION FACTORS BY LEG AND BY 1SOTOPE
NP23T U233 TH229
LEG1Y «10000€+01 .10000E+01 L10000E¢01
LEGLO «10000E+0) +10000E+01 10000E«01
LEG 3 «T9433E+03 .31B33E+03 .B0333F«02
LEG o «T9433E+03 L.31B33E+03 80333602
LEG NO. FLOW VOL. DARCY VEL. PORE VEL.
(CU FrIz0AY Flroay FT/0AY
1 d.B8BEe06 6.ATE-D] 2.16E 400
2 J.HBE+06 6. ATE=-D1 2.16E+00 -1
3 3.88L+06 6.47C-01 2.16€+00 :
“ 3.ABE«06 6.47E~01 2.16E+00
5 6.58L+05 3.66E-01 1.22€+00
6 6.560+05 3.66GE-01) 1.22€+00
7 6.58E+05% d.66E-01 1.22€+00
" 6.58F 05 J.6RE-01 1.22F +00
9 ~1.02E«00 ~1.45€~-0) ~9.65€~-03
10 1.02E+00 1.02E+00 6.02€+00
11 ~1.66E-06 “1.66C~06 ~5.54€-05
12 ~1.39C-06 -1.39E-06 ~8.6AE-05
13 1.02€+00 1.89€-0) 6.320-0)
14 ~S5.083E-07 ~5.83£-07 =1.94€-0%
15 658005 S.ARE-03 1.83E-02
TOTAL PATH LENGTHM (FT) =  1.89650E+05
FROM DEPOSITORY MIDPT (FT) = 1.8250E+05 .
AVERAGE FLUID VELOCITY (FT/Y) = 7.4586€+01
THE SPACE STEPssssssscssssess OX = 2.67855E+03 FT
THE TIME STEPeesssssscnnncens 0T = 2.65065E+03 v
NO OF SOURCE BLKSesssseasesss NSH = - 2 Table 14-SP. (contd') Sample Problem 6

VELOCITICS AND PRODUCTION FACTORS FOR EACH SUNCHAIN CONSIDFRED

DAUGHTER PARENTCS) AVERAGE viLoCHTY OECAY/PRODUCT ION FACTOR(DT) COURANT NUNBIR

NPZ ST (DECar)

«10105€E+01 « 9991 aF om0 *38 B




Uz
w23

n229
TH2239

COLLAT)
NP23T

(DECAY)
U233

Table 14-SP (cont'd)

«20760E01L
«17A33E+02

«90070€+01
«5TALSE«DL

Sample Problem 6 Output

«98472€+00
«85333E-0)

«TTTI8%E <00
«99676E£-02

«2806000-01
«1 7348021

«89633Ce01
«S571362+01



o
(a%
w

e
YL AR
5301,
1352,

10603,
13253,
15906,
18555,
21205.
23856,
<6507 .
29157,
JiA0s .
38058,
31109,
39160,
42810,
A5061.
ATT12.
50362.
53013.
S5666,
SB31AN.
60965,
63616.
66266 .
68917,
T1568 .
14218,
Ie869.
T9520.
821170.
AAR21 .
Bray2,
90122,
927173,
95423,
TR0,

100725.

103375«

106026 .

108877,

111327,

113978,

116629,

119273,

12190 .

128581,

1212310

1298462,

132533«

13518,

1393,

1008845,

143135,

1957846

LeBN 387,

151087,

1537138,

19563856,

159637,

161690 .

et

NP237

0.

0.

2.

0.

0.

0.

0.

.

0.

0.

0

0.

Oe

0.

e

0.

Oe

Oe

0.

0.

0.

0.

0.

0.

0.
«11651E-21
«59001€-19
«52426E~-17
«1960%L~15
«A1333E~14
«56993E-13
«56304F~-12
«842361E~3)
«2" T65~-10
«12505€-09
«52030E ~0Y
«~lB660E-0H
«IABESE-08
« 16399 -0
«V120BE~07
«94313€-07
«197178¢~06
« JA3A0C - 08
«671 1RE~06
<116R9C-0%
«AIRRDIE-DY
«2R0271E2-05
«Y015RE~-09
|5‘965('05
« 12155E~05
« 19 TE-0Y
«11138E-00
«13190€~04
«15196L~04
«170ASE-00
« 188025 -00
«203115-040
« 215962 =04
«22656E =00
«23505C-04

Ml awmvmnet

LR

CLadunmig

U233 TH229
0. * ‘o.
9. 0.
0. 0.
0. «6535)E-07
0. «355295~-0%
0. -81403C~05
. «10650E~-00
0. ."2'&(‘0‘
0. «l6149E~00
0 «19296E~04
0. «2273AE~04
U. «26500F~09
=31824E-13  L30611E-04
«IBS71E-10  .35101E-04
«119345-08  ,60013E-04
«2307T1E-07  .A54026-04
«20070E-06 .51287€~00
«97623E-06 +51558€-04
« 30487605 .63852C5~04
«67T4BBE-0Y .69579€-04
«11A58E-08 L741945-04
+15939€-04  LTT7S14E~0A
«19297€E-08  LT97ATE-0DA
«21387E-00  L.B1279E-04
« 22573608 .B24426-04
«23282E-08  LA3A42E-00
«237930-080  LBAJIOE~00
«28280E-080 LN5262C-04
«2961GE~04  .BE1276~-04
«25097C~08 .B696T7C~-04
«25527E-08  LBTTB1E-04
«25958E-080 .HBSE9E-04
«26391L-04 «B9330E~04
«26827E-08  L.90062€-04
«21265E-08  J90765€~04
«2TTO5E~00  .91436E-04
«2B184AE~08 .92075€~-04
«2B592E-04 .926B1E-04
«290ADE -GN .93251C~-n4
«29AR9E~08  L9VTASE=04
«299400~00  .94264E-00
«30391E~08  L93729E€-04
«MIBAZE~0N  _9039RE~-00
«31292€-08  .BGTBTIC-00
«31T3IC-08  .AASYOE-DW

« 32595 -00
< 32999004
«333796~00
« 337310 ~-00
2 3 0A9E -0
«34330E~-08
«3A56 7L -0
«JAT09E~00
«IN5430-00
«33565E~06
«311A3E~0a
«2731%0 -0
«221511-04
«1B8628L -0

«19530€-04
« 16590E~04
«T3215C-04
«6I532E~04
<6098 3E-04
«56 0450 -04
«S0611E-04
«VVGR99C~00
«YBABAE-0N
«32401E-00
«2TOIGE-DN
«221830~04
«19783E~04

Table 14-SP (cont'd)

Sample Problem 6 Qutput



T =922-.

)

[ R T
166391 .
169642,
172292,
174343,
LTi59s,
L8024,
182895,
185545,
18819,
190RAT,
193893,
1961448,
‘198799,
201450,
208100,
2067151,
209402,
212082,
214703,
217353,
220004,
222695,
225305.
231955«
230607,
2332357,
235308 .
238559.
241209,
243860,
246511,
249161,
251812,
254063,
257113,
259764,
262015,
265065,
2671715
210367,
213017
215668 .
27183158
2B0969.
283620,
2862170,
208921,
291512,
294222.
296373,
299528 .
Joz2ire.

« 2806500
«28665C-00
«25031E ~0a
«25292E~04
«25472€-00
«2559pC~-00
«25668E~00
«25TCTE~00
«257127E~-040
«25T732€~-00
«257271E~04
«25T16E-00
«257T01E=-04s
«25682E~-04
«25661C~004
«25635€-04
«25601C~0n
«25551E-0a
«25AT0E~0n
«25335E~-00
«25113€E~00
« 20V THAE~00
«242820~008
«23500E~00
«22516E-004
«21260E~00
«19780E=00
«1B001E~00
«160B7E~04
«1A07S5E~00
«12047C-00
«1008B0E~00
s B2425E-05
«65R6EE-0S
« 51884 2€-05
«39272E~-05
«29316£~05
«21%06E~05
«15297E-05
«107035-05
«13358E~06
«49281€-06
«32967€E~-06
«20987E-06
«1331%-06
«B3021E~07
«S5085%€E-07
«J06ISE~-DT
«1R8153E~-07
«10587€~07
«60R00E~-08
«3A397€E-08
«19179L-08

s L9965 1E~00
-‘]0‘9(-0.
«12821C~00
«121B7C~-00
«1170SE~-00
«llZ7iE-00
« 10846 -0
«10820E-00
«99917L-25
* 956067 ~05
«91267C=05
+86902C~05
«B82511€E-05
«78096E-0%5
«13657F~05
«69193E-0%
«69706E-09
«601990-05
«55674C-05
«51140£-0%
«46610E-05
«82105E-05
«31652E~-05
«33291E-05
«29067€-05
«25031C~0%
«21237€-u5
«17732€~-05
«18559€~-05
«11746E-05
+93056E~-06
«72366E-06
«55222€~06
«413%4E~-06
«30367€-06
«21882E-06
«15472€-06
«10735€E~-06
«73118E-07
«VBA9RE~0T
«32119€-07
«20729€~-07
«13149€~07
«82009€-08
«50313¢€~-08
«30378C~08
«18051C-08
«10564E€~-08
«60908E~09
«34610E-09
«19389€-09
«10713€£~09
«58405€~10

«ll761C~-00
«16340E-09
« 152348 ~00
«14255€~04
«13342€~-00
«12457E~00
«11596E~04a
«10758€E~04
« 3984458~ 05
«915636-0%
«B3988E-DS
« 1659BE-05
«69537€E~-05
«627T75C-05
«56323€-05
«50196E-05
«AN407E~05
«3JB9TVE~0S
«33899E-05
«29206E~05
«2%902€E-05
«20996€E=-05
«17450€~05
«11671E~0S
«73350€-06
«13566E-06
«5T0B9E-~06
«43606E~06
«32TT7T1E-06
«28226E~06
«17612E-06
«12590€E~-06
«BRA9SC~07
«61162€-07
«V1566E~-07
«277181E-07
«10262€~-07
«11811E~07
«75158E-08
«A70735-08
«29026E-08
«17625€-08
«10542C~08
«62133C~-09
«36094E-09
«206T73E-09
«l1678EC~-09
«65079€~-10
«35792€E~-10
«19432€~12
«10417€E-10
«55165€~11
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